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SECTION 1.0 

Preface 

This document presents the Master Project Plans (MI’s) for the activities to be performed for 
Installation Restoration Program investigations at St. Juliens Creek Annex to Naval Base, 
Norfolk (St. Juliens Creek Annex). The Atlantic Division of the Naval Facilities Engineering 
Command (LANTDIV), in conjunction with the United States Environmental Protection 
Agency (USEPA) Region III, and the Virginia Department of Environmental Quality (VDEQ) 
has agreed that one set of MI3 will provide the background information needed to 
understand base-wide site conditions, the approach to be used for investigations, and general 
types of activities to be completed. 

The MI.3 include three separate but related documents: the Master Work Plan (WI’), thle 
Master Sampling and Analysis Plan (SAP), and the Master Health and Safety Plan (HASP). 
The Master SAP consists of three documents: The Master FieldSampling Plan (FSP), the 
Master Quality Assurance Project Plan (QAPP), and the Master Investigation-Derived Waste 
Management Plan (IDWMP). The Ml’s will be updated by LANTDIV or the environmental 
contractor as necessary, and reviewed at least once every three years by USEPA and VDEQ 
personnel to ensure that the information contained therein is accurate and reflects current 
procedures and guidance. Any updates or necessary changes will be incorporated through 
addenda to the MI%. 
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SECTION 2.0 

Document Organization 

The Master Project Plan includes the Master Work Plan (WI’), the Master Sampling and 
Analysis Plan (SAP), and the Master Health and Safety Plan (HASP), and master sets of 
Standard Operating Procedures (SOPS). 

The organization of the Master Project Plan is outlined below. The Master Work Plan includes 
sections containing general information on: 

Site background - provides background information on St. Juliens Creek Annex (Section 2) 

Environmental setting - gives information on regional geology, climate, and topography 
for St. Juliens Creek Annex (Section 3) 

Potentially ARARs for St. Juliens Creek Annex - lists several ARARs that may be 
referenced throughout the course of the investigations at St. Juliens Creek Annex 
(Section 4) 

Investigation Tasks - discusses the technical approach to the investigative tasks to be 
performed at St. Juliens Creek Annex including fieldwork support, field investigation, 
sample analysis and data validation, risk assessment, the RI report, and the evaluation of 
SSAs (Section 5) 

Feasibility Study Tasks - describes the tasks involved in performing a FS (Section 6) 

References (Section 7) 

The Norfolk Partnering Team Human Health Risk Assessment Consensus Agreements 
(Appendix A) 

Site-specific Checklists (Attachment A) 

The sections cited above will discuss the background information needed to understand base- 
wide site conditions, the approach to be used for the RI/FS and site screening processes 
(SSPs), and the general types of activities to be completed. Site-specific details, such as 
sampling locations, numbers of samples, and analytical parameters, will be provided in 
separate site-specific plans. The site-specific plans will supplement their respective MPs and 
will present information specific to each new area of investigation. Details, such as results of 
previous site investigations and site-specific maps, will be provided in the site-specific WPs 

The Master SAP consists of three documents: The Master Field Sampling Plan (FSP), the 
Master Quality Assurance Project Plan (QAPP), and the Master Investigation Derived Waste 
Management Plan (IDWMP). 

The Master FSP includes the following sections: 

l Introduction - describes the document (Section 1) 
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l Field Activities - generally describes analytical/quality control protocol, field activities, 
and field sampling methods (Section 2) 

l Documentation - describes sample tracking and shipping procedures (Section 3) 

The Master QAPP describes general quality assurance and quality control procedures for 
conducting groundwater, surface water, sediment, soil, waste liquids and solids, and biota 
sampling at sites under investigation at the base. This includes sampling activities at sites to 
be investigated as part of future preliminary assessment (PA), remedial investigation (RI) or 
feasibility study (FS) action as well as initial investigations at site screening areas (SSAs). 

The Master IDWP includes the following sections: 

l Introduction - describes the document (Section 1) 

l Waste Handling - discusses the waste handling procedures to be followed during any site 
investigation or other sampling event on the base (Section 2) 

l General Considerations - documents information pertinent to the generation and handling 
of IDW (Section 3) 

The Master HASP includes the following sections: 

Introduction - describes the document, how the document should be used, information 
regarding the environmental contractor’s health and safety policy, and general site pre- 
entry requirements. 

Project Information and Description (Section 1.0) - provides general information ab’out St. 
Juliens Creek Annex, such as accessibility, size, and history. 

Project Organization and Tasks (Section 2.0) - lists potential tasks (both Hazardous Waste 
Operations and Emergency Response [HAZWOPER]-REGULATED and NON- 
HAZWOPER-REGULATED) to be performed at St. Juliens Creek Annex. 

Hazard Evaluation and Control (Section 3.0) - discusses the evaluation and control of 
some hazards typically associated with St. Juliens Creek Annex. 

Personnel (Section 4.0) - describes the environmental contractor’s medical surveillance and 
training program and lists employees of the environmental contractor who may 
potentially perform field work on St. Juliens Creek Annex. Also discusses the policy and 
procedures for covering subcontractors and other contractors under the HASP of the 
environmental contractor. 

Personal Protective Equipment (Section 5.0) - lists general personal protective equipment 
required for each level of personal protection and discusses reasons for upgrading or 
downgrading to a different level. 

Air Monitoring Specifications (Section 6.0) - lists the air monitoring equipment needed for 
some common field activities, air monitoring action levels, frequency of use, frequency of 
calibration, and calibration specifications. 

Decontamination (Section 7.0) - discusses general specifications for personnel, sampling 
equipment, and heavy equipment. 



l Spill-Containment (Section 8.0) - describes general spill containment procedures. 

l Confined-Space Entry (Section 9.0) - discusses confined-space entry policy. 

l Site-Control Plan (Section 10.0) - outlines site control procedures and HAZWOPER 
compliance plan. 

l Emergency Response Plan (Section 11.0) - discusses various aspects of the emergency 
procedures. 

l Emergency Response (Section 12.0) - lists emergency contacts for St. Juliens Creek Annex, 
the environmental contractor, and any government agencies involved with the project. 

The following describes the organization of the Master Set of SOPS which cover various 
procedures in the following general areas: 

vi 

Field Parameters 
Close Support Lab/Field Screening 
Health and Safety Monitoring 
Soil Sampling 
Surface Water and Sediment Sampling 
Groundwater Sampling 
Hydrogeologic Investigations 
Geophysics 
Sample Preparation 
Decontamination and Waste Management 
Other 
Ecological Sampling 
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SECTION 1.0 

introduction 

1 .I Preface 
This Master Work Plan provides general information about St. Juliens Creek Annex and the 
technical approach that will be used for environmental investigations at the Annex. 
Environmental contractors performing field investigations on St. Juliens Creek Annex .will be 
able to reference this general material, such as regional geology, sampling procedures, and 
analytical methodologies, from one master set of documents. General information will not 
have to be reproduced for each report or for each investigation. 

Site-specific details, such as sampling locations, numbers of samples, and analytical 
parameters, will be provided in separate site-specific plans. The site-specific plans will 
supplement the MP and will present information specific to each new area of investigation. 
Checklists of items to be included in each site-specific plan are provided in Attachment A of 
the Master WP. 

1.2 Document Organization 

This Master Work Plan includes sections containing general information on: 

Site background - provides background information on St. Juliens Creek Annex (Section 2) 

Environmental setting - gives information on regional geology, climate, and topog:raphy 
for St. Juliens Creek Annex (Section 3) 

Potentially ARARs for St. Juliens Creek Annex - lists several ARARs that may be 
referenced throughout the course of the investigations at St. Juliens Creek Annex 
(Section 4) 

Investigation Tasks - discusses the technical approach to the investigative tasks to be 
performed at St. Juliens Creek Annex including fieldwork support, field investigation, 
sample analysis and data validation, risk assessment, the RI report, and the evaluation of 
SSAs (Section 5) 

Feasibility Study Tasks - describes the tasks involved in performing a FS (Section 6) 

References (Section ‘7) 

The Norfolk Partnering Team Human Health Risk Assessment Consensus Agreements 
(Appendix A) 

Site-specific Checklists (Attachment A) 

FINALSJC MPP2000.DOC l-l 



SECTION 2.0 

Site Background 

The Master WP for St. Juliens Creek Annex documents the general scope and objectives of the 
investigation activities. It serves as a reference for the general site history, environmental 
setting, potential ARARs, technical approaches to and overall project goals. It does not, 
however, describe any site-specific historical information or plans for investigation. Specific 
information will be provided in the site-specific work plans which will be developed as each 
site or group of sites is investigated (see Site Management Plan (SMP) for dates of activities to 
be implemented at St. Juliens Creek Annex). The Master WP will be reviewed/updated at 
least once every three years. Information contained in site-specific plans supersedes the 
information contained in this document. 

2.1 Facility Description 
Available site-background information is documented in this section. Information was 
obtained primarily from the the Phase II RCRA Facility Assessment of the St. Juliens Creek 
Annex Facility, Chesapeake, Virginia (A. T. Keamey, Inc. 1989) and the Navy Assessment and 
Control of Installation pollutants: Initial Assessment Study of St. Juliens Creek Annex, Norfolk 
Naval Shipyard, Portsmouth, VA (NEESA 1981). 

I. 2.1 .l Location and Surrounding Land Use 
The St. Juliens Creek Annex Facility is situated at the confluence of St. Juliens Creek and the 
Elizabeth River in the city of Chesapeake, located in southeastern Virginia (Figure 2-l). The 
facility covers approximately 490 acres and includes 221 buildings, 653 feet of wharf, a central 
heating plant, numerous non-operational industrial facilities, and miscellaneous structures 
including a housing area (Figure 2-2). A Virginia Power Company power line runs diagonally 
across the facility in a northwest-southeast trending direction, splitting the area roughly in 
half. 

The facility is bordered to the north by the Norfolk and Western Railroad, the City of 
Portsmouth, and residential areas, to the west by residential areas, to the south by St. Juliens 
Creek, and to the east by the south branch of the Elizabeth River. According to the 1982 U. S. 
Geological Survey (USGS) Norfolk South Quadrangle topographic map, a large industrial 
waste pond was located adjacent to the property boundary in the northeast portion of the 
Annex. Most of the surrounding areas are developed, and include residences, schools, 
recreational areas, and shipping facilities for several large industries. The Norfolk Naval 
Shipyard is located approximately three miles north. Some undeveloped areas are located in 
various areas surrounding the facility. 

A large concentration of military installations is located within a 25-mile radius of the facility, 
including: Naval Base Norfolk, Fort Monroe, Langley Air Force Base, and Norfolk Naval 
Shipyard on the north, Naval Amphibious Base and Fort Story on the east, Naval Air Station 
Oceana on the southeast, and Naval Supply Center-Craney Island Fuel Terminal on the 
southwest. 
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2.1.2 Facility History 
The St. Juliens Creek Annex began operations as a naval ammunitions facility in 1849. At that 
time, the area, known as Fort Norfolk, was transferred from the War Department to the Navy 
Department for use as a storage facility for ordnance and materials. The facility was renamed 
Magazine, Fort Norfolk. In 1896, the facility gained an additional 48 acres to accommodate 
additional magazines, wharves, housing, and administration buildings. In 1898, ordnance 
material and equipment were moved from Craney Island to the Magazine; the facility was 
renamed U.S. Arsenal, St. Juliens Creek. 

In 1902, the name was changed to U.S. Naval Magazine, St. Juliens Creek. The Magazine was 
at that time fully operational and provided critical support to the fleet during the end of the 
Spanish-American War. 

In 1915, manually operated machines were replaced by modernized motor-powered machines. 
In 1917, the facility installed equipment for loading MARK VI mines. The facility’s name was 
changed again, to Naval Ammunition Depot (NAD), St. Juliens Creek, and operated under the 
Commandant Fifth Naval District. 

Between World War I and World War II, the facility assumed a peacetime mission of 
supplying ammunition to the fleet. 

*. --., 

The facility operated at its peak level from 1942 to 1944, during World War II. An additional 
119 acres of land were purchased and additional magazines, filling houses, and other facilities 
were constructed. A fence was erected to secure the facility. The mission of NAD St. Juliens 
Creek during World War II included loading, assembling, issuing, and receiving naval gun 
ammunition. The depot also served as the principal experimental and test loading facility for 
new ammunition types for the Bureau of Ordnance. 

The depot also supplied ammunition during the Korean War. After the war, the depot again 
resumed its mission of peacetime service to the fleet. In 1964, the depot was the prime isource 
of gun ammunition for Navy and Marine Corps operations in Southeast Asia. 

In October 1969, after 50 years as an independent facility, NAD St. Juliens Creek was 
disestablished under the Department of Defense “Project 703”, and was consolidated as an 
annex to the Naval Weapons Station, Yorktown, Virginia. On October 1,1977, the Annex was 
transferred to the Norfolk Naval Shipyard. 

The Norfolk Naval Shipyard transferred the Annex to Naval Base, Norfolk in July 1995. The 
Class II property on the Annex was transferred from Naval Base to Naval Station in April 1996. 

2.1.3 Past Operations/Process Descriptions 
Processes and operations at the St. Juliens Creek Annex facility have included general 
ordnance operations involving wartime transfer of ammunitions to various other U.S. Naval 
facilities throughout the United States and abroad. In addition, the Annex has been involved 
in specific ordnance operations and processes including those involving black powder 
operations, smokeless powder operations, projectile loading operations, mine loading, tracer 
mixing, testing operations, and decontamination operations. 

The St. Juliens Creek Annex facility has also been involved in non-ordnance operations, 
including degreasing operations, paint shops, machine shops, vehicle and locomotive 
maintenance shops, pest control shops, battery shops, print shops, electrical shops, boiler plant 
operations, washrack operations, potable and salt water fire protection systems, and fire 
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training operations. Many of these operations have been discontinued, such as locomotive 
maintenance, printing, and pest control. 

Materials stored at the St. Juliens Creek Annex facility have included oil, ordnance materials, 
non-ordnance chemicals, and disaster preparedness chemicals. Various parts of the facility are 
used to store small amounts of waste before transfer to accumulation points. 

2.1.4 Current and Future Facility Mission 
Activity at the Annex has decreased in conjunction with present national peacetime conditions. 
The current primary mission of the St. Juliens Creek Annex facility is to provide a radar testing 
range and various administrative and warehousing facilities for the nearby Norfolk Naval 
Shipyard and other local Navy activities. St. Juliens Creek Annex also provides administrative 
offices, light industrial shops and storage facilities for tenant naval commands. 

Currently, structures northwest of the power line are predominantly used for storage and 
warehousing, and those southeast of the power line are light industrial and manufacturing, 
and housing facilities; the search radar test range for the Norfolk Naval Shipyard is also 
located in this area. 

2.2 Regulatory Background 
Information regarding previous base-wide investigations is documented below. The 
Installation Restoration Program (IRE) is described first, followed by summary information 
from previous base-wide investigations. 

2.2.1 Installation Restoration Program 
In 1975, the Department of Defense (DOD) began a program to assess past hazardous and toxic 
materials storage and disposal activities at military installations. The goals of this program, 
now known as the IRE, were to identify environmental contamination resulting from past 
hazardous materials management practices, to assess the impacts of the contamination on 
public health and the environment, and to provide corrective measures as required to mitigate 
adverse impacts to public health and the environment. 

In 1976, RCRA was passed by Congress to address potentially adverse human health and 
environmental impacts of hazardous waste management and disposal practices. RCRA was 
legislated to manage the present and future disposal of hazardous wastes. In 1980, the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), or 
“Superfund” was passed to investigate and remediate areas resulting from past hazardous 
waste management practices. This program is administered by the USEPA or state agencies. 

In 1981, the DOD’s IRP was re-issued, with additional responsibilities and authorities specified 
in CERCLA delegated to the Secretary of Defense. The Navy subsequently restructured the 
IRE to match the terminology and structure of the USEPA CERCLA Program. The current IRE 
is consistent with CERCLA and applicable state environmental laws. 

2.2.2 Status of St. Juliens Creek Annex 
The St. Juliens Creek Annex Facility is not listed on the USEPA National Priorities List (NPL). 
Therefore the Navy is acting as the lead agency in environmental investigations at the Base, 
and the environmental condition of the Base is being investigated through the IRE. 

FINALSJC MPP 2Ooo.DOC 2-5 



SITE BACKGROUND- MASTER WORK PLAN 

2.2.3 Previous Base-Wide Investigations ;- . . 
Previous basewide investigations completed through the IRI? include the initial assessm.ent 
study (LAS), dated August 1981 and a Relative Risk Ranking (RRR) System Data Collection 
Report, dated April 1996. In addition, USEPA Region III conducted two assessments at the 
Annex: a Preliminary Assessment (PA), dated 1983, and a Phase II RFA, dated March 1989. 

In 1981, the U.S. Navy conducted the IAS as part of the Naval Assessment and Control of 
Installation Pollutants (NACII?) Program. The purpose of the IAS was to identify and as.sess 
sites that posed a potential threat to human health or the environment because of 
contamination from past handling of and operations involving hazardous materials. Results of 
this study revealed that low level concentrations of ordnance materials were determined to 
exist throughout the facility. However, the sites identified were determined not to pose a 
threat to human health and the environment, and no confirmation study was conducted. No 
sampling was conducted as part of the study. 

In 1983, NUS Corporation, Superfund Division (NUS), conducted PA at seven sites at the 
facility. These sites included: Cross and Mine (Solid Waste Management Unit [SWMU] #9); 
Building 249 (SWMU #13); Dump A (SWMU #l); Dump B (SWMU #2); Dump B Incinerator 
(SWMU #3); Dump C (SWMU #5); and Dump D (SWMU #6). Each site was monitored for 
volatile organic compounds (VOCs) and radiation with an organic vapor meter and radiation 
meter, respectively. No sampling was conducted as part of the PA. NUS did not observe 
significant signs of contamination at the sites observed. However, the PA report mentioned 
that various locations on the facility were contaminated with low level residues of pesticide 
and herbicide materials. 

)/. 

In 1989, A.T. Kearney, Inc. and K.W. Brown & Associates, Inc. prepared a Phase II RFA. The 
RFA included a preliminary review of all available relevant documents and a visual site 
inspection (VSI), including 34 SWMUs and Areas of Concern (AOCs). Eleven of the SWMUs 
and AOCs were recommended for RFIs. No sampling was conducted during the RFA. 

In April 1996, CH2M Hill Federal Group, Ltd. submitted to the Department of the Navy an 
RRR System Data Collection Report for the St. Juliens Creek Annex. The report contained 
results from sampling conducted at 21 sites at the Annex where no sampling data had 
previously been available. The goal of the sampling effort was to gather data for the Navy to 
perform assessments of the sites using the Navy’s RRR System. 

Twelve potential AOCs were identified for investigation during the joint EPA, VDEQ, and 
Navy review of historical aerial photography (EPIC Study) of the facility in June 1999. In 
November 1999, a work-in -progress/site visit with representatives of the Navy, CDM Federal, 
VDEQ, and the EPA-BTAG was conducted to evaluate the twelve “EPIC AOC” locations. And 
review their current and past conditions (based on EPIC photographs) to determine if 
sampling was warranted at any of these EPIC AOCs. In addition, the group reviewed site 
conditions and historical photography of the IRE sites to be included in the SSA investigation, 
and those sites planned for the SI. The Navy, EPA, and WEQ conducted an additional site 
visit on February 2,200O to confirm this determination. Descriptive information on &se EPIC 
AOC sites can be found in the Site Management Plan. 
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2.3 Current Base Wide Investigations 
NFEC LANTDIV has awarded the Navy C.L.E.A.N. II Contract to CH2M HILL. As of the date 
of preparing this work plan, five contract task orders (CTO) for investigations at the St. Juliens 
Creek Annex have been issued under the CLEAN II contract; CTO-015 includes the 
performance of a Base-wide background study, CTO-027 is the Remedial 
Investigation/Feasibility Study (RI/FS) for Landfill C and Landfill D, CTO-028 is the RI/FS for 
Landfill B and the Burning Grounds; CTO-141 is the Site Screening Assessment of nine IRE 
sites and 3 of 12 EPIC AOCs; and CTO-150 is the SI for IRE Site 17. The currentstatus of the site 
investigations is documented and periodically updated in the Site Management Plan. 
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SECTION 3.0 

Environmental Setting 

This section presents general information regarding the environmental setting of St. Juliens 
Creek Annex, including information on climate and meteorology, topography, surface 
drainage, soils, and geology and hydrogeology. Localized, site-specific discussions of this type 
of information will be provided in each site-specific WE’. 

3.1 Climate and Meteorology 
The Chesapeake region is situated in a humid Mesothermal Forest climate that is characterized 
by long, hot summers and mild winters. Summer temperatures average in the high 80s during 
the day and high 60s during the night. Precipitation averages 48 inches annually and is, 
distributed evenly over the year; relative humidity averages 72%. Thunderstorms occur 
approximately 40 days per year, primarily during the summer months. Winds are generally 
northeasterly and moderate, averaging 10 miles per hour. 

3.2 Topography, Surface Drainage, and Soils 
The St. Juliens Creek Annex facility is a low-lying wedge of land between the Southern Branch 
of the Elizabeth River and St. Juliens Creek. Elevations range from sea level along the blanks of 
the two bordering waterways, and along Blows Creek located in the northern part of the 
facility, to 15 feet above mean sea level (msl) northeast of Blows Creek. A northwest-southeast 

. trending ridge generally bisects the area, dividing the St. Juliens Creek drainage basin tlo the 
southwest and the Blows Creek drainage basin to the northeast. 

Blows Creek and St. Juliens Creek receive the majority of surface water runoff from the Annex. 
Both creeks flow east to empty into the Southern Branch of the Elizabeth River. The rernaining 
runoff from the Annex flows directly into the Southern Branch of the Elizabeth River, or is 
diverted into storm drains that empty either into the Elizabeth River or St. Juliens Creek. The 
Southern Branch of the Elizabeth River flows through a highly industrialized area whic:h 
includes oil storage and cresol facilities, and fertilizer plants. The river, which is part of the 
Intracoastal Waterway, is used by many recreational boaters during the summer and by larger 
commercial and naval craft throughout the year. The Southern Branch of the Elizabeth River 
flows north to discharge into the James River, which flows into the Chesapeake Bay. The 
entire downstream portion of surface water is tidally influenced. 

The Commonwealth of Virginia has designated the watercourses in the area as IIf3. This 
classification represents water that is contaminated. Historical releases of kepone and 
sediment disposal from the manufacturing activities of a private company located several 
miles away were a major contributor to present day contamination. Class IIB waters may be 
used for bathing and fishing, but taking shellfish is prohibited. A water classification of LIB 
indicates that the fecal coliform bacteria count should not exceed the geometric mean of 200 
colonies per 100 milliliters; tidal water should have a dissolved oxygen content of at least 4.0 
milligrams per liter (mg/l); and have a pH range of 6.0 to 8.5. 
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In the Spring of 2000, the Elizabeth River Project issued a “State of the River 2000” report using 
data collected by WEQ. The report states that over the past 10 years dissolved oxygen has 
been increasing and nutrients levels has decreased in the Elizabeth River; both positive signs 
for the health of the river. That same report notes that the river sediments are severely 
contaminated in some locations. After one year of data, collected through the WEQ Elizabeth 
River Monitoring Program, toxic effects from river sediments were noted at 21 of 23 stations 
located in the Elizabeth River and its main tributaries. 

The St. Juliens Creek Annex facility was initially placed within the boundaries of the loo-year 
flood plain. However, a 1984 Environmental Assessment Addendum indicated that according 
to the 1983 National Flood Insurance Program flood maps, the loo-year flood level for the 
originally proposed St. Juliens Creek Annex facility is 8.5 feet above msl. Elevations for the 
majority of the Annex property are above 8.5 feet msl and therefore does not lie within the lOO- 
year flood plain. Areas within the loo-year flood plain include those adjacent to St. Juliens 
Creek, Blows Creek, and the southern border of the Elizabeth River. 

3.3 Geology and Hydrogeology 
The St. Juliens Creek Annex facility is located in the outer Atlantic Coastal Plain Physiographic 
Province. A sediment wedge dips and thickens to the east and extends approximately 20 miles 
east to the Atlantic Ocean. These sediments overlie basement rocks, which are made up of 
downfaulted Triassic strata and Paleozoic igneous and metamorphic rocks, similar to those in 
the Piedmont Province. The contact between the basement rocks and the sediments, also 
known as the fall line, is exposed approximately 80 miles to the west of the facility. 

The Annex is underlain by over 2,000 feet of gently dipping Recent to Lower Cretaceous sandy 
sediments. Geologic units underlying the area, from youngest to oldest are: the Columbia 
Group (Sand Bridge and Norfolk Formations), the Chesapeake Group (Yorktown and Calvert 
Formations), the Pamunkey Group (Nanjemoy Formation), the Mattaponi Formation, 
transitional beds, and the Patuxent Formation. Table 3-l shows a stratigraphic column and 
hydrogeologic units of southeast Virginia. 

The uppermost geologic unit is the Columbia Group. The Columbia Group is approximately 
60 feet thick in southeastern Virginia. The upper 20 to 40 feet make up the unconfined 
Columbia aquifer, and consist of unconsolidated fine sands and silts with low to moderate 
permeability. The lower 20 to 40 feet consist of relatively impermeable silt, clay, and sandy 
clay. The Sand Bridge Formation is made up of tidal channel clayey sand facies and a shoal 
lagoonal silty sand facies. The tidal channel facies is made up of clayey sand, silt, and clay to 
well sorted fine to medium sand. This facies has low to high plasticity, low to moderate 
permeability, good erosion resistance, fair slope stability and fair to good aquifer recharge. 
The shoal lagoonal facies is made up of a clean, homogeneous, fine to medium sand with silt 
concentrations of 10% to 35%, and a thickness of 12 to 14 feet. This facies has a low to 
moderate plasticity; moderate permeability, erosion resistance, and slope stability; and fair 
aquifer recharge. The Norfolk Formation, which underlies the Sandbridge Formation, is made 
up of an upper member which consists of brackish marine silty sand and fluvial-estuarine silty 
sand, and a lower member which consists of clean quartz sand and fine gravel. 

Surficial geology of the Annex includes the Sand Bridge Formation, alluvial sand, and marsh 
sediments. The clayey sand facies of the Sand Bridge Formation occurs on the eastern portion 
of the Annex facility, and the silty sand facies occurs on the western portion of the facility. The 
alluvial sand and marsh sediments occur along both Blows Creek and St. Juliens Creek. Boring 
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Table 3-l. 
Stratigraphic and Hydrogeologic Units of Southeast Virginia 

(from Meng and Harsh, 1988) 

Stratigraphic Formation Hydrogeologic Unit 

Columbia aquifer 

Y o&town Formation 

Y orktown-Eastover aquifer 

Eastover Formation 

St. Mary’s confining unit 

St. Mary’s Formation 

St. Mary’s Choptank aquifer 

Calvert Formation 

Chickahominy-Piney Point a.quifer 

Nanjemoy-Marlboro Clay confining unit 

Brightseat Formation 

Undifferentiated Sediments Upper Potomac confining unit 

Upper Potomac aquife:r 
Cretaceous 

Middle Potomac confming unit 
Early 

Cretaceous 
Potomac Formation Middle Potomac aquifer 

Lower Potomac confining unit 

Lower Potomac aquifer 
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logs from 1946 to 1978 indicated mostly sandy soils; silty and clayey soils were observed in the 
remainder of the logs. The Norfolk and Yorktown Formations underlie the surficial deposits 
on the Annex. 

The two significant shallow aquifer systems in the area are the Columbia aquifer located in the 
upper 20 to 40 feet of the Columbia Group, and in the underlying Yorktown Aquifer. The 
Columbia aquifer, which comprises the water table aquifer, is reportedly thin and consists of 
discontinuous heterogeneous sand and shell lenses. The depth to the water table at the Annex 
is usually 5 feet or less. The Yorktown Aquifer is separated from the water table aquifer by a 
clay layer in the upper Yorktown. Water bearing zones in the Yorktown Aquifer consist of fine 
to coarse sands and gravels. 
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SECTION 4.0 

Potentially Applicable or Relevant and 
Appropriate Requirements (ARARs) for St. 
Juliens Creek Annex 

The Superfund Amendments and Reauthorization Act of 1986 (SARA) mandates in 
Section 121(d) that site remediation under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) achieves a level or standard of control for 
hazardous substances that at least attains such levels as specified in legally applicable or 
relevant and appropriate requirements (ARARs). Only promulgated Federal and State laws 
and regulations can be considered ARARs. 

The Virginia Department of Environmental Quality (VDEQ), USEPA, and other agencies play 
a major role in guiding the activities to be implemented at the Base. ARARs from all 
regulatory agencies will be considered. 

There are three basic types of ARARs: 

l Chemical Specific ARARs are promulgated standards or levels for a specific chemical (e.g. 
maximum contaminant levels (MCLs) specified treatment technologies). 

l Location Specific ARARs are those requirements triggered by site location where an action 
is occurring or will occur, and potential restrictions on activities conducted in these areas 
(e.g. wetlands, floodplains, etc.) 

l Action Specific ARARs are those requirements triggered by a specific action taken a.s part 
of CERCLA activities (e.g. on-site incineration, groundwater extraction, treatment, and 
discharge). 

In addition to ARARs, proposed rules, guidance documents, directives, etc. that may impact 
the conduct of a CERCLA action are called “to be considered” (TBC) documents. This 
document presents a summary list of potential ARARs and TBCs for St. Juliens Creek Annex. 

The purpose of this ARARs section is to identify and summarize those Federal and State laws, 
regulations, and guidance that are most likely to affect CERCLA activities at St. Juliens ‘Creek 
Annex. The list is intended to provide a starting point for site-specific ARARs/TBC analyses. 
The list is also intended to initiate and assist in discussions with regulatory agencies anld, 
potentially, consensus agreements on an ARARs baseline for St. Juliens Creek Annex as well as 
site-specific agreements on ARARs/TBCs. 

Action-specific ARARs will be identified in the site-specific work plans after the initial 
screening of remedial alternatives. Examples of potential federal ARARs for the Base a:re 
presented in the following paragraphs. The Commonwealth of Virginia has adopted many of 
the federal standards as state-specific standards. Examples of potential Commonwealth 
ARARs are presented following the federal ARARs. 

Although the list is designed to be extensive, it is not meant to be exhaustive. It is not intended 
to cover every possible situation that may arise at St. J&ens Creek Annex. Instead, it attempts 
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to focus attention on the ARARs/TBCs that are most likely to impact remedial actions at St. 
Juliens Creek Annex (either under CERCLA or IRE’). The laws, regulations, and guidance 
evaluated are believed to be current as of the date of this summary list. The reader is cautioned 
that environmental regulations can be dynamic, and any site-specific ARARs/TBC analysis 
needs to consider any additions or revisions to existing laws, regulations, and guidance, as 
well as any new laws. 

The list of potential chemical-specific ARARs is presented in Table 4-l. The most common 
actions are listed in Table 4-2. Potential federal and state ARARs are in Table 4-3 through 
Table 4-11. 

Toxic Substances Control Act 
The Toxic Substances Control Act (TSCA) governs the remediation, release, and disposal of 
polychlorinated biphenyls (PCBs) (40 Code of Federal Regulations [CFR] 761). For example, if 
the remedy involves excavation of soils that contain PCBs, the requirements of this section 
must be satisfied. 

Land Disposal Restrictions (40 CFR 268) 
This regulation identifies RCRA Hazardous Wastes that are restricted from land disposal and 
describes general treatment requirements that must be met prior to disposal of a waste at a 
RCRA landfill. This regulation is applicable to the disposal of soil containing land disposal 
restricted RCRA hazardous waste. 

Safe Drinking Water Act (1412) 
The Safe Drinking Water Act (SDWA) was enacted as a response to accumulating evidence 
that called attention to the health threat posed by unsafe contaminants in public drinking 
water supplies. The SDWA, as amended, provides protection to water supplies through the 
establishment of drinking water standards. According to VDEQ, MCLs under the SDWA are 
the ARARs for contaminated ground water (per the National Contingency Plan [NCP]). 

4.3.1 National Primary Drinking Water Standards, Maximum 
Contaminant Levels (40 CFR 141) 

Maximum Contaminant Levels (MCLs) are applicable where potable water will be provided to 
a public water supply (25 or more people or to 15 or more service connections). When this 
occurs, the MCLs are the maximum levels allowed at the tap. In other cases, MCLs are 
relevant or appropriate for comparison to concentrations found in groundwater and, in some 
cases, surface water if the surface water is used as a source of drinking water. These are often 
used as clean up levels for contaminated groundwater. For example, if the remedy includes 
clean up of contaminated groundwater, requirements of this section must be satisfied. 

Clean Air Act 
The Clean Air Act (CAA) may require a discharge permit (40 CFR 50) if remedial activities 
have the potential for airborne discharges from the site. The best available technology that is 
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” \ economically feasible must be used. The Commonwealth of Virginia also has standards and 
regulations regarding ambient air quality (VR 120-03-01) and air pollution control (VR 3120-01). 

This requirement would be applicable if the action involves the demolition of existing 
structures, the removal and transportation of debris, or disturbing soil or other exposed 
surfaces. 

4.5 Clean Water Act 
The Clean Water Act (CWA) provides for the protection of surface water quality through 
permitting and the establishment of minimum national effluent standards for industry. 

45.1 Virginia Pollutant Discharge Elimination System Permit (9 VAC Z!5-31 
and 40 CFR 125) 

The Virginia Pollutant Discharge Elimination System (VPDES) restores and maintains the 
quality of surface waters. The direct discharge of pollutants to surface waters is controlled 
through the Virginia Pollutant Discharge Elimination System (VPDES) program. Exam.ples of 
direct discharges are point sources such as discharges from a treatment plant directly into or 
very close proximity to, a surface water body through a discernible conveyance such as a pipe, 
ditch, channel, tunnel, or well; wastewater from the site piped or discharged to an off-site 
surface water body. Direct discharges of treated ground water, decontamination water, or 
other wastewater to surface waters must meet the effluent discharge limits established ‘by this 
section. 

These limits are established on a case-by-case basis, and may be based on: technology-based 
effluent limitations; prevention of discharges that would cause a violation of the Surface Water 
Quality Standards (SWQS). (9 VAC 25260); and prevention of discharges of toxic pollutants in 
amounts that have a reasonable likelihood of adversely affecting human health or the 
environment. An action that results in discharge to surface water must meet these criteria if it 
is more stringent than the federal criteria. 

4.52 Ambient Water Quality Criteria (40 CFR 129) 
Ambient Water Quality Criteria (AWQC) represent concentrations of toxic pollutants in 
navigable waters that will not result in adverse impacts on important aquatic life, or on. human 
consumers of water or aquatic life, after exposure of that aquatic life to the pollutants for a 
period of time exceeding 96 hours and continuing through at least one reproductive cycle. 
These federal criteria were adopted, with revisions, by the VDEQ. These criteria are pnesented 
in Table 4-1. An action that results in discharge to surface water must meet these criteria if it is 
more stringent than the VFDES criteria. 

4.6 Occupational Safety and Health Administration (29 
CFR 1904,191O and 1926) 

The Occupational Safety and Health Administration (OSHA) provides requirements for 
hazardous waste workers such as training, personal protective equipment (PPE), and clothing. 
If the action involves hazardous waste workers, the requirements of this regulation must be 
met. 
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4.7 Department of Transportation (9 VAC 20-I 10 and 49 
CFR 107,171, and 172) 

The VHWMR and Department of Transportation (DOT) provide regulations governing the 
transportation of hazardous materials. This includes rules and regulations designating the 
manner and method by which hazardous materials shall be loaded, unloaded, packed, 
identified, marked, placarded, stored, and transported. All off-site transport of material 
generated as a result of removal/remedial actions must comply with the requirements of this 
section. 

4.8 Virginia Solid Waste Management Regulations (9 VAC 
20-80) 

The Virginia Solid Waste Management Regulations (VSWMR) establish standards and 
procedures pertaining to the construction, operation, maintenance, closure, and post-closure of 
Solid Waste Management Facilities in the Commonwealth of Virginia in order to protect the 
public health, public safety, the environment, and natural resources. If the remedy involves 
cleanup activities that do not include hazardous wastes, the requirements of this section must 
be considered. Specifically, VSWMR would be potentially applicable to solid waste 
management activities that received or managed waste on or after December 21,1988, and 
potentially relevant and appropriate to sites that stopped receiving waste prior to that date. 

4.8.1 Identification of Solid Wastes (9 VAC 20-80-140) 
This subpart identifies a solid waste as any discarded material. The requirements of this 
section must be satisfied for wastes generated by removal/remedial actions, including IDW, 
provided the wastes are not also hazardous. 

4.8.2 Management of Open Dumps and Unpermitted Facilities (9 VAC 20-80- 
180 through 200) 

Open dumps and unpermitted facilities are defined in this section. Requirements for cleanup 
and corrective action for releases that may occur as a result of improper management of solid 
wastes are also included. 

4.8.3 Solid Waste Disposal Facility Standards (9 VAC 20-80-240 through 310) 
This subsection contains regulations for citing, design, construction, operation, ground-water 
monitoring, closure, and post-closure care for sanitary landfills, construction, demolition, for 
debris landfills and industrial landfills. These regulations also specify requirements for control 
of decomposition gases, leachate control and monitoring, and corrective action programs. If 
the action involves landfills that have operated after December 21,1988, these regulations must 
be considered. 

4.8.4 Special Wastes (9 VAC 20-80-320 through 470) 
This subsection contains regulations for the disposal of special wastes. Special wastes are 
defined as wastes that require special handling and precautions. The regulations require that 
facilities may receive special wastes for processing or disposal only with the specific prior 
approval of the Virginia Department of Environmental Quality or by specific provisions with 
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the facility permit. Specific regulations in this section include limitations on the types of 
landfills in which PCB-contaminated waste and soils contaminated with petroleum can be 
disposed. This regulation is applicable if the nonhazardous wastes generated as a result of 
removal or remedial actions are being considered special wastes. 

4.8.5 Voluntary Remediation Program (9 VAC 20-I 60-I 0 through 160) 
This subsection contains regulations concerning the voluntary cleanup of contaminatedi sites in 
Virginia. The purpose of the program is to encourage hazardous waste cleanups that might not 
otherwise take place. The regulations require the site owners or operators to adhere to the six 
step process of: determining eligibility; registering with the state; submitting the necessary 
documents; achieving the remediation goals; terminating the program upon approval of the 
state; and including the public during the entire process. 

-- a. 

Hazardous Waste Management Regulations (9 VAC 201 

In general, the applicable solid waste requirements will be action-specific, applying to the 
remedial activities undertaken. The following are some examples of RCRA-based 
requirements that may be applicable or relevant and appropriate. As noted previously,, site- 
specific, and action-specific ARARs will be identified following the initial screening of 
remedial alternatives. Note that the Commonwealth of Virginia administers a state-authorized 
RCRA program under the VHWMR. These serve as the governing ARARs in place of the 
RCRA regulations, except for 40 CFR Part 268 (Land Disposal Restrictions). 

4.9.1 Manifest Regulations for Hazardous Waste Management (9 VAC 20-60- 
260 through 320) 

This section provides regulations specifying the preparation of manifests for transporting 
hazardous waste off-site for treatment, storage, or disposal. These regulations identify the 
minimum information required for the manifest. If the action requires off-site shipment of 
hazardous waste, this requirement of this section must be satisfied. 

4.9.2 Regulations Applicable to Transporters of Hazardous Waste (9 VAC 
20-60-420 through 510) 

This subpart established procedures for transporters of hazardous waste that include 
requirements for record keeping and reporting, labeling, placarding and marking as well as 
use of the manifest system and spill procedures. If the remedy involves transporting 
hazardous waste off-site for treatment and/or disposal, the transporters must meet the 
requirements in this section. 

4.9.3 General Facility Standards (9 VAC 20-60-530) 
This section sets the general facility requirements including general waste analysis, security 
measures, inspections, and training requirements. The location standards in Section I requires 
facilities located in a loo-year floodplain to be designed, constructed, and maintained to 
prevent washout of any hazardous waste by a loo-year flood. This section is applicable to sites 
that have managed wastes since the effective date of the statute. In these cases, if the wastes 
were hazardous, these regulations would potentially be applicable. 
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4.9.4 Manifest System, Recordkeeping, and Reporting (9 VAC 20-60-560) 
This section outlines procedures for manifesting hazardous waste for owners and operators of 
Treatment, Storage, and Disposal (TSD) facilities. Requirements are specified for manifesting, 
recordkeeping (quantity, waste analyses data, and location of the waste), and annual reporting. 
If the action involves sending hazardous wastes off-site for management, the manifesting 
requirements would be applicable. 

4.9.5 Storage (9 VAC 20-60-600) 
This section sets standards for the storage of containers of hazardous waste. These standards 
include requirements for: condition of the container; compatibility of stored wastes; 
management of the container; and inspections and containment systems. This regulation is 
applicable to IDW and removal and/or removal action wastes that are hazardous. 

4.9.6 Site Closure with Waste in Place (9 VAC 20-60-580) 
This section details general requirements for closure and post-closure care at hazardous waste 
facilities. Closure performance standards, closure and post-closure plans, timeframe 
requirements for closure, requirements for disposal and/or decontamination of equipment; 
and post-closure care and use of property (e.g., maintenance and monitoring requirements) are 
described. This section may be applicable if the waste is to be left in place. This could include 
capping, installation of slurry walls, grading and covering with vegetation, or consolidation of 
substances in one location. 

4.10 Virginia Groundwater Standards 
The Commonwealth of Virginia has established its own standards for groundwater. The 
Virginia Groundwater Standards (VGS) are presented in Table 4-l along with the USEPA 
MCL, the proposed MCL, and the Secondary Maximum Contaminant Level (SMCL) for most 
contaminants. Virginia groundwater standards are a potential ARAR for establishing 
groundwater cleanup levels at the Base. 

4.11 Other Potential ARARs or Guidelines To Be 
Considered 

Other potential ARARs or guidelines to be considered (TBCs) include: 

l 

. 

Groundwater classification for aquifers underlying the site (USEPA, 1986a). 

Safe Drinking Water Act (42 United States Code [USC] 300(f) et seq.) Maximum 
Contaminant Level Goals (MCLGs), Proposed MCLs (PMCLs), and Proposed MCLGs 
(PMCLGs). 

. 

l 

. 

EPA Region III Risk-Based Concentrations (RBCs) 

National Oceanic and Atmospheric Administration (NOAA) Sediment Screening Values 
(NOAA Technical Memorandum NOs OMA52, August 1991). 

Regulations pertaining to activities that affect the navigation of waters of the United States 
(33 CFR 320-329). 
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Endangered Species Act of 1973 (16 USC 1531 and 50 CFR 81,225, and 402). 

Fish and Wildlife Coordination Act (16 USC 661). 

Fish and Wildlife Improvement Act of 1978 (16 USC 742a). 

Fish and Wildlife Conservation Act of 1980 (16 USC 2901 and 50 CFR 83). 

Magnuson Fishery Conservation and Management Act (16 USC 1801). 

Wild and Scenic Rivers Act (36 CFR 297). 

Drinking Water Health Advisory: Munitions - a health advisory on munitions chemicals 
(USEPA, 1992a). 

Coastal Zone Management Act (16 USC 1451 et seq.). 

National Historic Preservation Act (36 CFR 800). 

Chesapeake Bay Preservation Act (Code of Virginia 10.1-2100). 

Wilderness Act (16 USC 1131 et seq.; 50 CFR 35.1 et seq.). 

Migratory Bird Treaty Act of 1972 (16 USC Section 703) 

Marine Mammal Protection Act (16 USC 1372 (2)) 

Virginia Stormwater Management (9 VAC 25-170) 

Virginia Erosion and Sediment Control (9 VAC 50-30) 

Virginia Wetlands Act (Code of Virginia 62.1-13.1). 

Virginia Wetlands Policy (9 VAC 25-380). 

Federal Floodplain Management and Protection of Wetlands (Executive Orders 11988 and 
11990,40 CFR 6). 

The laws, regulations, and guidance evaluated are believed to be current as of the date of this 
Master List. However, environmental regulations are dynamic, and site specific ARARs/TBC 
analysis needs to consider any revisions to existing laws, regulations, and guidance, as .well as 
any new laws, regulations, and guidance. Potential changes should be considered when this 
section is updated and refined for each site-specific work plan. 
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bromodichloromethne 
klichlorobromomethane) 

carbon tetrachloride 

chlorobenzene (monochlorobenzene) 

chloroform 
(chloromethane methyl chloride) 

dibromochloromethane 
(chlorodibromomethane) 

1.2.dichioroethane 

l,l-dichloroethene 
(l,l-dichloroethylene) 

cis-1,2-dlchloroethene 
(cis-1,2dichbroethylenc) 

trans-1,2-dichloroethene 
(~~~-1,2-dichloroethylene) 

dichloromethane 

1,2-dichloropropane 

ethvl benzene 

methylene chloride (dichloromethane) 

styrene 

1,1,2,2-teh.achloroe~~~e 

tetrachloroethylene 
(1,1,2,2-tetrachloroethvlene) 

toluene 

Table 4-1 

Safe Drinking 
Water Act 
(SDWA) 

Drinking Water 
MCLs and 

SMCLs 
@@Lb (a) 

5 

100 (1) 

100 (1) 

5 

100 

100 (1) 

100 (1) 

5 

7 

70 

Potential Chemical-Specific ARARs for St. Juliens Creek Annex 

Federal Standards and Guidance 

CWA Ambient Water Quality Criteria (b) 

For Protection of Human Health For Protection of Aquatic Life 

Fish 
Water and Fish Consumption Fresh Water Salt Water 
Consumption Only Acute/Chronic Acute/Chronic 

@g/L) Upn) cm b@) 

1.2 71 

0.56 46 

4.3 360 

0.25 4.40 

680 21,000 

5.7 470 

0.41 34 

0.38 99 

0.057 3.2 

Commonwealth of Virginia Water Quality Standards 

Water Quality Standards (c) 

Virginia Human Health - 
Groundwater Freshwater Saltwater All Other Surface 

Standards Chronic Level Chronic Level Water 
Cgn) (Pgn) (PglL) Cpn) 

710 

460 

3,600 

45 

21,000 

4,700 

57,000 

990 

17,000 

100 700 140,OilO 

5 16,000 

5 0.52 39 

700 3,100 29,000 29,000 

5 4.7 1,600 
100 __ 

0.17 11 

5 0.8 8.85 3,500 

1,000 6,800 200,000 200,000 
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Table 4-l 
Potential Chemical-Specific ARARs for St. Joliens Creek Annex 

Federal Standards and Guidance Commonwealth of Virginia Water Quality Standards 

Safe Drinking 
Water Act 
(SDWAI Water Quality Standards (c) 

Acute/Chronic Acute/Chronic 
All Other Surface 

o.ooo14 0.00014 0.24/0.056 0.71/0.0019 0.0019 0.0019 0.0014 

17”lrP ..” ,. .” 1.3 x 10” 1.2 x wz 

Drinking Water 
MCLs and 

SMCLs 
C&L) (a) Chemical Name 

II 

II phenol 

1.2.4~trichlorobenzene 70 

II atrazine 3 

40 

200 

0.2 

70 

II demeton 

II dibromochloroorooane 0.2 

400 

7 
3x?@ 

20 
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Safe Drinking 
Water Act 
(SDWA) CWA Ambient Water Quality Criteria (b) Water Quality Standards (c) 

For Protection of Human Health For Protection of Aquatic Life 

Drinking Water Fish Virginia Human Health - 
MCLs and Water and Fish Consumption Fresh Water Salt Water Groundwater Freshwater Saltwater All Other Surface 

SMCLs Consumption Only Acute/Chronic Acute/Chronic Standards Chronic Level Chronic Level Water 
Chemical Name @@A (a) Cgn) WfL) WL) Cpn) CllSn) CSn) fP@J (I@) 

endosulfan (I and U) 110 240 0.22/0.056 0.034/0.0087 0.056 0.0087 240 

endothall 100 - 

en&in 2 0.76 0.81 0.86/0.036 0.037/0.0023 0.004 0.0023 0.0023 0.81 

glyphosate 700 

g&ion - /O.Ol - /O.Ol 0.01 0.01 

heptachlor 0.4 0.00021 0.00021 0.52/0.0038 0.053/0.0036 0.001 0.0038 0.0036 0.0021 

heptachlor epoxide 0.2 0.00010 O.OuOll 0.52/0.0038 0.053/0.0036 0.001 

hexachlorocyclohexane 0.08 0.01 25 

malathion - /O.l 0.1 0.1 

methoxychlor 40 100 - /0.03 - /0.03 0.03 0.03 0.03 

m&x - /O.ool - /O.OOl 0 0 

oxamyl (vydate) 200 

parathion 0.065/0.013 0.013 

PCBS 0.5 0.00017 o.OcO17 - /0.014 - /0.03 0.014 0.03 0.00045 

picloram 500 

silvex (2,4,5-TP) 50 10 10 

simazine 4 

toxaphene 3 0.00073 0.00075 0.73/0.0002 0.21/0.0002 0.0002 0.0002 0.0075 
&$~~gigj~~*Fy~~~““.. ” < : ,T i,...,,: $>: _i/)_ ; I’” ‘:, : ..--*‘“” -*;y. ‘,_ ,_:,~~~~,::,::..;::.,, ,.,, ___ ,, \ rj .” _,.,, :,,, “” ;“,,, “‘,..^ ,.,i ,A_ -:. __ ,,,-; :*;,;:’ y-;;-;YJ .,LY ‘y<;,,“::; ‘_ ‘:: “,, : : ,,;;,y ” ” .““c :, “ ‘; ;; j;; ,‘y ‘,: ::-q,;; ~“‘“:::I”:;“‘^: ;, ‘:-:‘::;;i! ,’ ,::“r~~“~~,_-:I”~::““‘“:: : ,;“: ‘_ ;-I 

aluminum 50 - 200 (6) 750/87 

antimony 6 14 4,300 4,300 

arsenic 50 (7) 0.018 (7) 0.14 (7) 340/150 (7) 69/36 (7) 50 

arsenic (III) 190 36 

arsenic (V) 

barium 2,000 1,000 1,000 

beryllium 4 

Table 4-l 

I 

Potential Chemical-Specific ARARs for St. Juliens Creek Annex 

Federal Standards and Guidance I Commonwealth of Virginia Water Quality Standards 
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Table 42 
ARARs Summary of Most Common Anticipated Remedial Actions at 

St. Juliens Creek Annex 
= 

Chemical Specific Action Specific Location Specific 
. . . ;,_ ,: I :i::.. ,;$;, j>> ,,_ L. : ‘ 
.;&., I,“. ‘I :I I’“> )yl&~s%s’~ * ) ‘:(. ( II! _ I’ _. t,<: ‘;%, :,r: ~,. 2’ ~_ : %:‘,I: Q&ii& er-~iTilsi~.,~~~~~~~~~~so~l~~:i.l;’, :~,,@,$~yiLI;j., TdG.;; i:‘:.,i’G.:+jg &g .,:.+:‘:;{: ,,: .t, -y. (i ,’ ,_ ,,_i $,,: ‘,’ $<> 6 q:+ c j is 

Cleanup levels at Stormwater management (VA Stormwater Mitigation of 
landfills Management Regulations, 9 VAC 25-170) impacts on 

0’5WMRs, 9 VAC Air emissions from treatment process (VA wetlands (VA 
20-80-230) Air Pollution Control Regulations, 9 VAC Wetlands 

5-66; and, if hazardous waste, VHWMRs, Regulations, 9 

9 VAC 20-60-264) VAC 25-380 ) 

Fugitive dust emissions (VA Air Pollution 
Control Regulations, 9 VAC S-40-90) 

If hazardous waste, hazardous waste 
management requirements (VHWMRS, 
9 VAC 20-60-230 through 380) 

,: : ,_ ;‘_ i:, ‘,: ,.,^ ;,;. j < 1, ,_’ i:, i :_: _, ;,:~:,Q-qr&.,+&~ T&a&tent” ‘,:_,: : ::I; :I ;f 1,: :’ ,: :. ii_ : 7 

Federal MCLs Discharge to surface water (VPDES, 9 VAC 
and/or VA 25-260) 
Surface Water Discharge to POTW (VPDES, 9 VAC 25-32- 
Quality 800 through 850) 

Standards (’ vAc 
25-260-140 ) 

Air emissions from treatment process (VA 
Air Pollution Control Regulations, 9 VAC 
5-66; and, vhazardous waste, VHWMRs, 
9 VAC 20-60-264) 

= 

KEY: 

MCLs = Maximum contaminant levels 
PCBs = Polychlorinated biphenyls 
VA = Virginia 
VHWMRs = Virginia Hazardous Waste Management Regulations 
VSWMRs = Virginia Solid Waste Management Regulations 

‘For the purpose of this table, ground-water treatment includes natural attenuation. 



Table 4-2 
ARARs Summary of Most Common Anticipated Remedial Actions at 

St. Juliens Creek Annex 

Chemical Specific Action Specific Location Specific 
i;:y z :t 9 I. “‘L”” .I ; E,_;i$ p+:‘~i; : ; ;g ,:_ : _. ;,i. .,$$. ‘+‘,~; ;j:g : ‘$1: .I’: :, &! :_ Lj i;:g$,~~:;< ‘S’, > ;: I !y .: / i,;;y,yl :y:; :_ IL^_ .I .r:l(T,$ ;~~~~fiu;:~a~~i~~~~~~~~~~~~~ .: : ‘-1 ;:,.~i~;,~~t;:is!~~~~~: f@: &‘::j$$ 

Capping/Closure requirements (VSWMRs, Mitigation of 
9VAC 20-80-250 through 270) impacts on 

Landfill gas emissions (VSWMRs, 9 VAC 20- wetlands (VA 
80-280 and VA Air Pollution Control Wetlands 

Regulations, 9 VAC S-60) Regulations, 9 

Stormwater management (VA Stormwater VAC 25-380) 

Management Regulations, 9 VAC 25-l 70) 
.- ,Sli : i< ‘/:I ,_^j:_ i ,* i; :‘,; ,i<.. . .._ I_ ,,: : _;.: ..‘,!j, : :‘, Ej;ca~~~~~,,~~‘~~b;CI$~~~f,~,~ast~ q.J~~& $$js;; G;;; ::, i:1; ;, ;,$+j$. :; ; ,_ 

Cleanup levels at Hazardous waste identification (VHWMRs 9 Mitigation of 
landfills VAC 20-60-261) impacts on 
fVSWMRs 9 VAC Waste transportation (VA Regulations on wetlands (VA 
20-80-230) Transport of Hazardous Materials, 9 VAC Wetlands 

20-262 and 263) Regulations, 9 

Depending on waste, potential for PCB VAC 25-380) 

management requirements (TSCA 40 
CFR 761) 

Stormwater management (VA Stormwater 
Management Regulations, 9 VAC 25-l 70) 

Fugitive dust emissions (VA Air Pollution 
Control Regulations, 9 VAC S-40-90) 

If Hazardous: 

Potential for land disposal restrictions 
requirements (VHWMRs 9 VAC 20-60- 
1440 through 1480) 

Waste manifesting (VHWMRs, 9 VAC 20-60- 
262 and 263) 

Air emissions from treatment process (VA 
Air Pollution Control Regulations, 9 VAC 
S-60; and VHWMRs, 9 VAC 20-60-720) 

If nonhazardous: 

Waste management and storage (VSWMRs, 
9 VAC 20-80-140 through 160) 

Air emissions from treatment process (VA 
Air Pollution Control Regzdutions, 9 VAC 
5-30) 



Table 4-3 
Summary of Potential Federal and State Hazardous Waste ARARs 

St. Juliens Creek (SJC) 

Federal or State Citations Requirements Synopsis Applicability SJC Situation/Comment 

9 VAC 25-580, Underground Provides procedures for the design, construction, A, RA Unlikely that any removal/remedial actions at SJC will involve the 
Storage Tanks operation, and maintenance of underground installation of new underground storage tanks. This section would be a 

storage tanks, and also established requirements for potential ARAR where unauthorized storage of hazardous wastes, or 
closure of tanks. wastes with the same constituents as listed wastes, in underground 

storage tanks occurred. In these cases, the closure provisions of this 
section would be potential ARARs. 

EPA Region III Risk-Based Combines toxicity constants with standard At SJC, RBCs will be used to screen contaminants of concern in human 
Concentrations (RBCs) exposure scenarios to calculate chemical health risk assessments performed as part of hazardous waste site 

concentrations corresponding to fixed levels of investigations. In accordance with the Virginia Voluntary Remediation 
risk in water, air, fish tissue, and soil. Fixed levels Program, RBCs (along with EPA cross-media transfer values) will also 
of risk are defined as a hazard quotient of one or a be considered as soil remediation levels. 
lifetime cancer risk of l@“, whichever occurs at a 
lower concentration. 

‘. “,,\. T’, .-::, “.*;,“.- ‘” ‘C:;*. ‘,‘;““y, :I” ,‘, .~,^ _^.~ ,, ,,,, ,_ ;’ ‘, y “.,y: ,‘,_ I;.-.r >+.:;, _ ,.-.,” -^,,,: ,,,:,, ,,,,, ,,_ “.“.^... _. ._, .” ,;^ _?_ :.; ,_ ,, ,, ,,,.,( . :, ; ‘-i: .=j’. ,“5‘ ;“‘ .“-&~~;~~?Y,,, :;I$‘$: ” ,:,::. “ 1 ,, ,i E ~~~,, ~_ _,, ‘:i ^ 
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RCRA, Land Disposal Provides several treatment options for the A, ~4 
This rule is a potential ARAR for remedies involving on-site treatment, 

Restrictions for Newly management and disposal of contaminated debris. 
storage, or disposal of contaminated debris outside of an AOC or CAMU. 

Listed Wastes and 
Contaminated debris could include demolished structures, drums, 

Hazardous Debris Redefines indoor waste piles as “containment rubble, etc. 

buildings” and provides design and operating 
standards that ensure containment of waste If any removal/remedial actions involve the management (e.g., storage or 

equivalent to the containment achieved by tanks. treatment) of hazardous wastes in contaminant buildings (indoor waste 
piles), or of wastes that contain the same constituents as listed hazardous 
wastes in containment buildings, this section would be potentially 
applicable. 



Table 4-3 
Summary of Potential Federal and State Hazardous Waste ARARs 

St. Juliens Creek (SJC) 

Federal or State Citations Requirements Synopsis Applicability SJC Situation/Comment 

9 VAC 20-60-68, Land 9 VAC 20-60-68 adopts 40 CFR 268 by reference. 40 A At SJC, the most probable issue will be with wastes that are determined to 
Disposal Restrictions CFR 268 establishes restrictions on land disposal of be toxicity characteristically hazardous as determined by TCLP analysis. 
(LDRs) untreated hazardous wastes and treatment Under the LDRs, treatment standards have been established for all 

standards for hazardous wastes that are to be land hazardous wastes. If it is determined that hazardous wastes are 
disposed. These treatment standards are usually considered subject to LDRs, the material must be handled and treated in 
concentration-based. Certain wastes are required to compliance with these regulations if the waste is managed offsite or 
be treated by a specified technology prior to land outside of an on-site AOC or CAMU. 
disposal. 

LDR requirements are not considered relevant and appropriate when 
hazardous constituents are found in soil and/or debris. Absent specific 
soil and debris requirements, the relevant and appropriate approach 
outlined in CERCLA guidance is contained in a series of guidance 
documents. 

9 VAC 20-60-160, Voluntary 
This subsection contains regulations concerning 

A, IV. 
the voluntary cleanup of contaminated sites in 

This regulation is a potential ARAR for hazardous waste site 
Remediation Program 

Virginia. The purpose of the program is to 
remediations at SJC. Soil remediation levels shall be based on Tier II 
levels rather than Tier I. 

encourage hazardous waste cleanups that might 
not otherwise take place. The regulations require 
the site owners or operators to adhere to the six 
step process of: determining eligibility; registering 
with the state; submitting the necessary 
documents; achieving the remediation goals; 
terminating the program upon approval of the 
state; and including the public during the entire 
process. The Voluntary Remediation Program 
promulgates a three tiered approach for 
derivation of remediation levels. In general, any 
one tier or combination of tiers may be applied to 
establish remediation levels for contaminants 
present at a site. 







Table 4-3 
Summary of Potential Federal and State Hazardous Waste ARARs 

St. J&ens Creek (SJC) 

Federal or State Citations Requirements Synopsis Applicability SJC Situation/Comment 

Subpart C of 40 CFR 264 outlines requirements for A RA Some SJC removal/remedial action wastes may exhibit the characteristic of 
safety equipment and spill control measures for toxicity. If, in these cases, the removal/remedial action involves on-site 
hazardous waste at TSD facilities. Facilities must be storage (i.e., longer than 90 days) or on-site treatment (e.g., in-situ 
designed, maintained, constructed, and operated to bioventing, soil vapor extraction), the substantive portions of this section 
minimize the possibility of an unplanned release are potentially applicable to the new storage or treatment facility unless 
that could threaten human health or the the waste is managed within the AOC or a CAMU is created. 
environment. 

Subpart D of 40 CFR 264 outlines requirements for 
If the removal/remedial action involves on-site storage (i.e., longer than 90 

days) or on-site treatment of wastes which, although not hazardous, 
emergency procedures to be used in the event of contain the same constituents as those for which a waste was listed, the 
explosions, fires, etc. requirements of this section may be relevant and appropriate. 

Most of the existing sites at SJC are believed to have not managed any 
wastes since the effective date of the statute. These sections are not 
expected to be applicable to the majority of the existing sites or to removal 
and remedial actions that do not involve on-site treatment or storage of 
hazardous wastes (e.g., would not be applicable to closure of a landfill 
that has not received waste since the effective date of the statute, 
regardless of whether the landfill contained hazardous wastes). 

At existing sites that did not manage wastes after the effective date of the 
statute, these regulations may be relevant and appropriate depending on 
the site-specific circumstances (e.g., circumstances of the release, 
hazardous properties of the waste, characteristics of the site, and nature 
and purpose of the requirement). 

Potentially applicable to existing sites that managed hazardous waste after 
the effective date of the statute, and potentially relevant and appropriate 
to sites that managed nonhazardous wastes that are identical or similar to 
listed hazardous wastes. 



Table 4-3 
Summary of Potential Federal and State Hazardous Waste ARARs 

St. Juliens Creek (SJC) 

Federal or State Citations Requirements Synopsis Applicability SJC Situation/Comment 

Subpart E of 40 CFR 264 outlines procedures for A If SJC were to send hazardous wastes offsite for management, the 
manifesting hazardous waste for owners and manifesting requirements would be applicable. 
operators of TSD facilities. Requirements are 
specified for: manifesting; recordkeeping (quantity, Because the recordkeeping and reporting requirements outlined in this 
waste analyses data, and location of the waste); and 
biennial reporting: 

section are administrative, not substantive, they would not be relevant or 
appropriate or applicable to on-site management of removal or remedial 
action wastes at SJC even if the wastes were hazardous. 

Subpart G of 40 CFR 264 details general 
A, M Because most of the sites did not manage wastes after the effective date of 

requirements for closure and post-closure care at 
hazardous waste facilities. This section describes 

the statute, this Part is unlikely to be applicable to the existing sites at SJC. 
They may, however, be relevant and appropriate if the sites managed 

closure performance standards, closure and post- hazardous wastes or wastes that are identical or similar to hazardous 
closure plans, timeframe requirements for closure, 
requirements for disposal and/or decontamination 

wastes, and the situation at the site matches the situation addressed by 
the regulations. However, the NCP and compliance with other laws 

of equipment; and post- closure care and use of 
property (e.g., maintenance and monitoring 

process outlines a “hybrid” risk-based closure as the relevant and 
appropriate requirement. If, however, a site did manage hazardous 

requirements). wastes after the effective date of the statue, this part would be potentially 
applicable. 

Potentially applicable to any new hazardous waste treatment, storage, or 
disposal units constructed onsite as part of a removal or remedial action. 

Potentially relevant and appropriate to any new treatment, storage, or 
disposal units constructed onsite as part of a removal or remedial action 
that manages wastes identical or similar to listed hazardous wastes. 

Subpart I of 40 CFR 264 sets standards for the A, m This Part would be applicable to IDW and removal and/or remedial action 
storage of containers of hazardous waste. These wastes that are hazardous. This Part would be potentially relevant and 
standards include requirements for: condition of the appropriate to wastes that are identical or similar to hazardous wastes. 
container; compatibility of stored wastes; 
management of the container; and inspections and [Note: The reader is cautioned that specific provisions of this Part will vary 
containment systems. depending on the length of storage and the amount of waste generated.] 
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Table 4-3 
Summary of Fotential Federal and State Hazardous Waste ARARs 

St. Juliens Creek (SJC) 

Federal or State Citations Requirements Synopsis Applicability SJC Situation/Comment 

RCRA, Corrective Action This rule establishes CAMUs and temporary units A, RA For SJC sites where hazardous wastes may be treated, stored, or disposed 
Management Units, and (TUs) as two options for corrective actions at TSD onsite, the substantive requirements of the CAMU/TU Rule is potentially 
Temporary Units; facilities. The CAMU rule allows treaters to applicable. May involve the consolidation of wastes from several sites 
Corrective Action manage hazardous waste in an EPA designated into a “waste pile” prior to shipment offsite for treatment and/or 
Provisions Under Subtitle C place without triggering the LDRs. disposal. 

The CAMU/TU rule would be potentially relevant to the on-site 
management of nonhazardous wastes that are the same as or similar to 
hazardous wastes. 

[Note: Because the CAMU/TU rule provides for regulatory flexibility, it 
would be considered less stringent, and therefore, not applicable in States 
that are authorized for the Hazardous and Solid Wastes Amendments 
(HSWA) corrective action program, but have not adopted comparable 
provisions. As of the date of preparation of this table, the 
Commonwealth of Virginia has not been authorized for the HSWA 
corrective action program. As a result EPA administers the corrective 
action program and the CAMU/TU requirements.] 



Table 4-4 
Summary of Potential Federal and State Solid Waste ARARs 

St. Juliens Creek Annex (SJC) 

Federal or State 
Citations Requirements Synopsis Applicability SJC Situation Comment 
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Code of VA, Enacted laws to govern solid waste activities within the 

” __‘_ “.: ,;,,:, : ;--“~-dE::,~, _,&,, :, ,,I 

Sections 10.1-1400 Commonwealth, including the operation of sanitary 
landfills and other facilities involved with the treatment, 
storage, or disposal of nonhazardous solid waste. 
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VSWMRs Establishes standards and procedures pertaining to The VSWMRs are potential ARARs for cleanup activities at SJC that do 
9 VAC 20-80 citing, design, construction, operation, maintenance, not involve hazardous wastes. (See the VHWMRs section for 

closure, and post-closure care of solid waste regulations regarding hazardous wastes.) Specifically, VSWMRs would 
management facilities. be potentially applicable to solid waste management activities that 

received/managed waste on or after Dee 21,1988, and potentially 
relevant and autxonriate to sites that stopped receiving waste prior to 
that date. 
See below for comments on the specific provisions of the VSWMRs. 

9 VAC 20-80-140, Identifies a solid waste as any discarded material. A This section is a potential ARAR for wastes generated by removal/ 
Identification of Solid Materials are solid wastes if they are used, reused, or remedial actions, including IDW, provided the wastes are not also 
Wastes reclaimed; accumulated; stored; or treated before such hazardous. (See the VHWMRs for regulations regarding hazardous 

use, reuse, or reclamation, when they are: (1) hazardous wastes.) 
wastes, (2) used in a manner constituting disposal by 
being applied or placed on the land. 

9 VAC 20-80-180 Provides a definition of open dumps and unpermitted RA If “Landfills” at SJC meet the definition of open dumps; the substantive 
through 200, facilities and prescribes requirements for cleanup and requirements for open dumps are potentially ARARs for SJC. 
Management of Open corrective action for releases that may occur as a result 
Dumps and of the improper management of solid wastes. 
Unpermitted Facilities 

9 VAC 20-80-220, Establishes methods for determining action levels for RA This section is a potential ARAR for determining whether action is 
Action Levels constituents in ground water, air, surface water, and required at a site. However, portions of this section will likely be 

soils that may have occurred due to a release at a site. superseded by specific action levels. 
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Table 4-5 
Summary of Potential Federal and State Water ARARs 

Typically, soil cleanup levels will be the more stringent concentration resulting 

of the board’s methods of accomplishing the Law’s 
from the following: 

--Risk assessment taking into account all potential soil exposure pathways; 

Establishes Surface Water Quality Standards (SWQS) 
necessary to maintain all State waters at a level that will 
protect beneficial uses and support the propagation and 
growth of aquatic life. Also contains an antidegradation 
policy that requires “existing instream uses and the level 
of water quality necessary to protect the existing uses” be 
maintained and protected. Narrative and numeric surface 
water quality standards are included. Separate numeric 
standards are presented for freshwater and saltwater. The 
section contains numeric standards for a series of toxic 

--Soil modeling to determine the concentration of contaminants that can remain in 
the soil so that water in equilibrium with the soil will not result in contaminant 
concentrations in the ground water above MCLs (if ground water is a potential 
future drinking water source); and 

--Soil modeling to determine the concentration of contaminants that can remain in 
the soil such that water in equilibrium with the soil will not lead to a natural 
discharge to surface water resulting in an in-stream contaminant concentration 
greater than the SWQS contained in this section. In this case, the SWQS are a 
potential ARAR for establishing soil cleanup levels. 

.Lle:,.:rl ,., “’ ,: : :, ,,., x iii ^ ,, * ., 
^ ;:: ,” ” .” _, yy:,:.T, _..” I .Ai:; .~’ .L>~~“,~~~~~,.^: __, : _.“I...~.. .~. :,,v, __ -“:\_ “, ,,,“, ,I -3” 

9 VAC 25-3 1 

“, ,,., ,: __) ::::$; .‘. ,,,, ,*2:‘-r:,,‘:“‘,,~‘ i f : ~~~g~&&lJ~&~~ l@lggg Elhijigatioti, SyLtem [VPDES): .“. ,’ : ‘i -1,:,,:~I;I:I:: .i : ,, x (,X, yy,2 .: ..^_,.^^,_ ,..... _ “,~^7. 7 -, I$:, “i ,,’ 
Restores and maintains the quality of surface waters. AorRA At SJC, these regulations are potential ARARs for remedial actions that involve 
Controls the direct discharge of pollutants to surface direct discharges to surface waters. Such discharges could include treated ground 
waters through the Virginia Pollutant Discharge water, decontamination water, or other wastewater to be discharged directly to 
Elimination System (VPDES) program. surrounding surface waters. 

Examples of direct discharges are point sources such as An on-site discharge from an SJC site to surface waters must meet the substantive 
discharges from a treatment plant directly into or very VPDES requirements, but need not obtain a VPDES permit nor comply with the 
close proximity to, a surface water body through a administrative requirements of the permitting process, consistent with CERCLA 
discernible conveyance (pipe, ditch, channel, tunnel, or section 121(e)(l). However, an off-site discharge from an SJC site to surface 
well); wastewater from the site piped or discharged to an waters is required to obtain an VPDES permit and to meet both the substantive and 
off-site surface water body. Direct discharges of the administrative VPDES requirements. On-site discharges are wastewaters that 
wastewater to surface waters must meet the effluent are discharged directly into a surface water body on site or in very close proximity 
discharge limits established by this section. These limits to the site via a pipe, ditch, conduit, or other means of “discrete conveyance.” Off- 
are established on a case-by-case basis, and may be based site discharges are those in which wastes from the site are piped or otherwise 
on: discharged through a point source to an off-site surface water. 
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Federal or State 
Citations 

Table 4-5 
Summary of Potential Federal and State Water ARARs 

St. Juliens Creek Annex (SJC) 

Requirements Synopsis Applicability 

Technology-based effluent limitations; 

SJC Situation/Comment 

9 VAC 25-31-800 
through 850, 
Pretreatment 

VPDES regulations also cover Publicly Owned Treatment 
Works (POTWs). Specifically, they forbid industrial users 
from discharging pollutants to the POTW that will pass 
through or interfere with the operation of the POTW; 
require POTWs to establish pretreatment requirements for 
industrial discharges to prevent pass through or upset of 
the POTW; and contain specific limitations on discharges 
to the POTW for various industrial categories. 

A SJC discharges to a POTW are considered an off-site activity. Dischargers must 
comply with both the substantive and administrative requirements. At SJC, these 
regulations are ARARs for remedial actions that involve indirect discharges to 
POTWs. Such discharges could include treated ground water, decontamination 
water, or other wastewater to be discharged to a POTW. These discharges would 
have to comply with the pretreatment requirements of the receiving POTW before 
being discharged. Industry specific standards would not be applicable because 
remedial actions are not one of the industrial categories covered. However, they 
may be relevant and appropriate if the pollutants in the discharge are similar to 
those covered by one (or more) of the industrial categories. 

[Note; POTWs have the authority to reject wastewater discharges and require 
compliance with control mechanisms such as permits and orders. If discharge to a 
POTW is being considered as part of a removal or remedial action, the 
acceptability of the discharge should be investigated with the POTW early (e.g., 
during the RI/FS stage).] 

9 VAC 25-32, Virginia Outlines the procedures and requirements to be followed AorRA The substantive portion of this regulation is a potential ARAR for all remediation 
Pollution Abatement in connection with Virginia Pollution Abatement (VPA) activities that involve non-point source discharges to surface waters from pollutant 
(VPA) Permit permits issued by the State Water Control board pursuant management activities as defined in 9 VAC 25-32. The VPA permitting and 
Requirements to the CWA or the State Water Control Law. VPA administrative requirements are not potential ARARs. include, duration of permits, 

permits are designed to cover nonpoint source discharges monitoring requirements, limitations to control toxic pollutants, best management 
to surface waters from pollutant management activities. A practices, and schedules of compliance. 
pollutant management activity is defined as “a treatment 
works with a potential or actual discharge to State waters, 
but which does not have a point source discharge to 
surface waters.” 

The regulations prohibit the discharge of pollutants 
(including sewage, industrial wastes, and other wastes) 

WDC971390001.DOC/1/KTM 
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Table 4-5 
Summary of Potential Federal and State Water ARARs 

ns Creek Annex I 

Requirements Synopsis Applicability 
Federal or State 

Citations 

may present substantial danger to the public health or welfare, or 
the environment, and includes any substance defined in 4 lOl(14) 
of CERCLA but not any substance regulated as a hazardous waste 
under subtitle C of RCRA. 

regulations. EPA identifies contaminants that may have 
adverse effects on human health and sets a maximum 
contaminant level (MCL) that is economically and 
technologically feasible for public water systems (PWSs). 
MCLs are the highest permissible level, i.e., concentration 
of a contaminant in tap water. MCLs are set as close as 
possible to Maximum Contaminant Level Goals 
(MCLGs). MCLGs are “set at the level at which no 
known or anticipated adverse effects on the health of 
persons occur and which allow an adequate margin of 
safety.” MCLs are enforceable standards, but MCLGs are 
not. In Section 121(d) of CERCLA, standards (i.e., under 
the SDWA) are potential ARARs and specifies that a 
remedial action “shall require a level or standard of control 
which at least attains MCLGs established under the Safe 
Drinking Water Act, , where such goals or criteria are 
relevant and appropriate under the circumstances of the 

SJC Situation/Comment 

ground water (per the NCP). 

Although Virginia has ground-water quality standards, the appropriate ground- 
water cleanup standards, according to VDEQ, are the MCLs and MCLGs in the 
National Primary Drinking Water Regulations. In the absence of MCLs, other 
health-based cleanup standards, based on site-specific risk assessment, may be 
used. Where ground water discharges to surface water, the cleanup level at that 
discharge point would be the more stringent level between the MCL or a State or 
Federal surface water criterion or standard for the protection of aquatic life. 
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Table 4-5 

Federal or State 
Citations 

Summary of Potential Federal and State Water ARARs 
St. Juliens Creek Annex (SJC) 

Requirements Synopsis Applicability 

release or threatened release.” According to 40 CFR 
300.430(e)(2)(i) of the NCP, MCLGs set at levels above 
zero are potentially relevant and appropriate. If an MCLG 
is determined not to be relevant and appropriate, the 
corresponding MCL becomes the potential ARAR. Where 
an MCLG has been set at zero, the corresponding MCL is 
the potential ARAR. Under EPA’s ground-water policy, 
set forth in the NCP, preliminary remediation goals for 
Class I and II ground waters (i.e., current and future 
drinking water) are to be set at MCLs and non-zero 
MCLGs where relevant and appropriate or more stringent 
State standards. 

SJC Situation/Comment 
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Subpart G -- National Sets MCLGs for nearly five dozen organic contaminants. RA Some organic contaminants for which EPA has set MCLGs are known or 
Primary Drinking About one-third of these, EPA has set the MCLG at zero. suspected to contaminate the ground water at SJC. The ground water is assumed to 
Water Regulations: The term MCLG means the maximum level of a be a current or future source of drinking water. Therefore, the MCLG will be the 
Maximum Contaminant contaminant in drinking water at that no known or potential relevant and appropriate if it is above zero; otherwise, the MCL will be 
Levels anticipated adverse effect on the health of persons would potentially relevant and appropriate. If unregulated organic constituents are in the 

40 CFR 141.50 occur and that allow an adequate margin of safety. ground water, a health-based standard may be used. If ground water to be 

Maximum Contaminant remediated discharges to surface water, the potentially relevant and appropriate 

Level Goals (MCLG) standard is the more stringent of the MCL, a State or Federal surface water 

for Organic criterion, or a State/Federal standard for the protection of aquatic life. 

Contaminants 

Subpart G -- National Sets 1.5 MCLGs for inorganic contaminants. Of these, RA Some inorganics for which EPA has set MCLGs are known or suspected to be 
Primary Drinking only one (for lead) is set at zero. present in the ground water at SJC. For contaminants with an MCLG of zero, the 
Water Regulations: MCLG potentially will be relevant and appropriate. For unregulated inorganics, a 
Maximum Contaminant health-based standard derived from site-specific risk assessment may be used. If 
Levels the ground water to be remediated discharges to surface water, the potentially 

40 CFR 141.51 relevant and appropriate standard is the more stringent of the MCL, a State or 

Maximum Contaminant Federal surface water criterion, or a State/Federal standard for the protection of 

Level Goals for aquatic life. 

Inorganic Contaminants 
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Table 4-5 
Summary of Potential Federal and State Water ARARs 

St. Juliens Creek Annex (SJC) 

Federal or State 
Citations Requirements Synopsis Applicability SIC Situation/Comment 

Subpart G -- National Sets MCLGs for giardia lambia, viruses, legionella, and RA Both MCLGs and corresponding MCLs are aimed at surface rather than ground- 
Primary Drinking total coliforms. water sources of drinking water. Therefore, they are not likely to come into play at 
Water Regulations: SJC sites. 
Maximum Contaminant 
Levels 

40 CFR 141.52 
Maximum Contaminant 
Level Goals for 
Microbiological 
Contaminants 

Subpart G -- National Sets MCLs for nearly five dozen organics, including a RA Ground water at SJC contains at least some regulated contaminants. For ground- 
Primary Drinking number of synthetic organics. The regulation consists of water remediation, these MCLs may be potentially relevant and appropriate if the 
Water Regulations: two elements: a concentration level and the best available MCLGs exceed zero. If unregulated organic constituents are in the ground water, a 
Maximum Contaminant technology (BAT) for achieving that concentration level. health-based standard may be used. Further, if the ground water to be remediated 
Levels The concentration standards are listed on Table 3.1. BATS discharges to surface water, the potentially relevant and appropriate standard is the 

40 CFR 141.61 Maxi- include granular activated carbon (GAC), packed tower more stringent of the MCL, a State or Federal surface water criterion, or a 

mum Contaminant aeration (PTA), or oxidation (OX). The regulation State/Federal standard for the protection of aquatic life. 

Levels for Organic contains a chart listing BAT for each contaminant. 

Contaminants 

Subpart G -- National Sets MCLs for 15 inorganics, primarily metals. These RA At least some chemicals governed by this rule are known or suspected to 
Primary Drinking MCLs are included in Table 3.1. The regulation identifies contaminate ground water at SJC. However, most MCLGs for these constituents 
Water Regulations: BAT for each contaminant. are above zero and will become potentially relevant and appropriate. 
Maximum Contaminant 
Levels 

40 CFR 141.62 Maxi- 
mum Contaminant 
Levels for Inorganic 
Contaminants 
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Table 4-5 
Summary of Potential Federal and State Water ARARs 

St. Juliens Creek Annex (SJC) 

Federal or State 
Citations Requirements Synopsis Applicability SJC Situation/Comment 

Subpart B -- Maximum Sets MCLs for arsenic and nitrate. The nitrate standard, RA This rule may become a potential ARAR if any arsenic is detected in the ground 
Contaminant Levels however, is superseded by 40 CFR 141.62. water. 

40 CFR 141.11 
Maximum Contaminant 
Levels for Inorganic 
Chemicals 

Subpart B -- Maximum Sets MCLs for total trihalomethanes (TTHMs), the sum of RA TTHMS are byproducts of the disinfectants added in drinking water systems. 
Contaminant Levels the concentrations of bromodichloromethane, These MCLs are not likely to be potential ARARs because ground-water cleanup 

40CFR 141.12 dibromochloromethane, tribromomethane (bromoform), typically does not entail disinfection. 

Maximum Contaminant and trichloromethane (chloroform) at 0.1. 

Levels for Organic 
Chemicals 

’ Key A = Applicable RA = Relevant and Appropriate TBC = To Be Considered 
* The three types of ARARs are chemical specific, action specific, and location specific. 
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Table 4-6 
Summary of Potential Federal and State Air ARARs 

St. Juliens Creek Annex (SJC) 

Federal or State 
Citations Requirements Synopsis Applicability SJC Situation/Comment 
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Existing and Certain Regulates existing (rather than new) stationary sources A or RA Sites at SJC may have currently unregulated area sources (e.g., wind 
Other Sources (9 (point and area) of air emissions. Sets standards for blown soil or dust) but are not known to have unregulated point 
VAC S-40) visible emissions, fugitive dust, odor, and toxic sources in the categories covered under Part IV. Potential 

pollutants from these sources. Sets standards for ARARs are more likely to be derived from 9 VAC 5-50 (New and 
emissions from sources in various industry Modified Sources) and 9 VAC 5-60 (Hazardous Air Pollutants). 
categories and process operations. 

New and Modified Sets emissions standards for all (point and area) newly A or RA Sites at SJC would not have to obtain permits, the substantive 
Sources (9 VAC 5-50) constructed stationary sources or modifications of requirements that the permits typically would contain would be 

existing sources. Standards are for visible emissions, potentially applicable to major sources and potentially relevant 
fugitive dust, odor, and toxic pollutants. Sets and appropriate for other sources. Types of activities for which 9 
standards for emissions of criteria pollutants from VAC 5-50 may be potential ARARs include: demolition, 
sources in specific industrial categories as well as excavation, construction of remedies (e.g., construction of soil 
from processes not covered by those categories. The vapor extraction unit, or air stripper), and operation of ground- 
Federal Clean Air Act and the Virginia Air Law water and/or soil treatment units. More detail on each section of 
subjects new sources/major modifications to the 9 VAC 5-50 is provided below. Virginia has designated 
“new source review” (NSR) program. For non- Hampton and nearby Chesapeake, Newport News, Norfolk, 
CERCLA sources, the NSR is a prerequisite for a Suffolk, Williamsburg, and Virginia Beach as nonattainment 
preconstruction permit that sets emissions limits and areas for ozone. All of Virginia is in attainment for the remaining 
monitoring requirements. Sources at CERCLA sites criteria pollutants, with two exceptions for carbon monoxide. 
are subject to those emissions limits and monitoring NSPS most likely to pertain to SJC activities and to be applicable 
requirements although no permit is required. As are those for incinerators. However, a case-by-case comparison 
described below, the NSR and resulting emission between the activity and each NSPS category is necessary to 
limits/monitoring requirements depend upon ascertain whether any requirements in those categories would be 
whether a source is located in an “attainment” or relevant and appropriate. EPA maintains a BACT/LEAR 
“nonattainment” area. The term “nonattainment clearinghouse designed to assist in identifying the appropriate 
area” refers to a geographic region that has not met source-specific emission standards. 
Federal air quality standards for one or more of the 
following six “criteria” pollutants: sulfur dioxide 
(SO,), particulates (PM-lo), carbon monoxide (CO), 
ozone, nitrogen oxides, and lead. The emissions 
limits are based on New Source Performance 
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Table 4-6 
Summary of Potential Federal and State Air ARARs 

St. Juliens Creek Annex (SJC) 

Federal or State 
Citations Requirements Synopsis Applicability SJC Situation/Comment 

Standards (NSPS) which are set on an industry-by- 
industry basis. 

Compliance (9 VAC 5- Establishes restrictions on the disposal and handling of AorRA Stacks -- Construction of new sources/major modification of existing 
50-20) VOCs and the construction of stack heights. VOC sources with stacks is not anticipated. The exception might be air 

emissions are to be minimized, and intentional spills strippers or soil vapor extraction systems for which stacks 
are prohibited. VOCs cannot be (1) discarded in typically are not in excess of 20 feet high. 
sewers that are not connected to a treatment plant, 

Performance Testing 
(9 VAC 5-50-30) 

Monitoring (9 VAC 
5-50-40) 

(2) stored in open containers, or (3) handled in any 
VOCs -- CERCLA requirements for remedy selection and design are 

other manner that would “result in evaporation 
consistent with the VOC disposal/spill provisions of this section. 

beyond that consistent with air pollution control 
practices and minimizing emissions.” Stack heights 
and dispersion techniques must be consistent with 
Section 111(a)(3) of the Clean Air Act (CAA) and 
Good Engineering Practice (GEP). 

Stipulates which test methods sources subject to Rule 5- A or RA Testing requirements would be potentially applicable to new 
5 (see below) should use; specifies procedures in the sources at SJC for which Rule 5-5 is a potential ARAR. (See 
event the test methods are inappropriate, no below.) 
appropriate methods exist, the specified number of 
test runs are interrupted, and/or samples are 
accidentally lost. 

Requires installation and operation of continuous AorRA Potentially applicable to new sources for which 9 VAC 5-50-30 
monitoring systems and monitoring devices prior to “Performance Testing” is potentially applicable. 
the conduct of the performance testing specified in 9 
VAC 5-50-30. Also requires evaluation of the 
monitoring systems/devices during the 
performance tests or within 30 days thereafter in 
accordance with the requirements and procedures in 
Appendix B of 40 CFR Part 60. 
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Table 4-6 
Summary of Potential Federal and State Air ARARs 

St. Juliens Creek Annex (SJC) 

Federal or State 
Citations Requirements Synopsis Applicability SJC Situation/Comment 

Rule 5-l Visible The term “fugitive emissions” refers to unintended AorRA These regulations are likely to be applicable at SJC in connection 
Emissions and emissions that could not reasonably pass through a with activities that demolish existing structures; 

Fugitive stack, chimney, vent, or other functionally remove/transport/convey debris and/or excavated materials; 
Dust/Emissions (9 equivalent opening. Mandates that reasonable disturb the soil during excavation and/or capping; disturb soil or 
VAC 5-50-60 through precautions be taken to prevent particular matter other exposed surfaces during construction of haul roads or 
9 VAC 5-50-120) from becoming airborne during: handling, stationary sources such as air strippers or soil vapor extraction 

transporting, storing, using, constructing, altering, units. 
or repairing any materials; demolition, construction 
modification, or operation of any stationary source 
or any other bridling, structure, facility, or 
installation. Examples of reasonable precautions (9 
VAC 5-50-90) include dust suppression during 
demolition (water or chemical); dust suppression on 
roads, material stockpiles, or other surfaces; 
paving/cleaning roads; equipment installation (e.g., 
vents, hoods, fans, fabric filters) to enclose and vent 
dusty materials; use of containment methods during 
sandblasting or similar operations; and covering of 
transportation/conveyance equipment. Testing is 
required and the standard to be met is that visible 
emissions cannot exceed 20 percent opacity, except 
for one 6-minute period in any 1 hour of not more 
than 30 percent opacity. Continuous monitoring 
systems and other monitoring devices shall be 
installed, calibrated, maintained, and operated in 
accordance with 9 VAC 5-50-40 and 9 VAC 5-10-20, 
Appendix J. 

Rule 5-Z Odorous Requires the use of best available control technology AorRA May be applicable to drying beds from old wastewater treatment 
Emissions (9 VAC 5- (BACT) for all sources of odorous emissions and facilities, residual oil and chemicals from contaminated soil 

SO-130 through 9 VAC prohibits discharge of any odorous emissions in around USTs, and hot spot removals at old landfills. EPA’s BACT 
7 cn ,cn\ ,-L)“-IJ”, ^_.__^^ -LrL-L..--.~1L:~.- c~.- -- eXl.ebS “I Llkd, ‘esultult; ll”ll, use of BACT. Clearinghouse may provide information on odor controi 

techniques. 
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Table 4-6 

Federal or State 
Citations 

Rule 5-3 Toxic 
Pollutants 
(9 VAC 5-50-160) 

Summary of Potential Federal and State Air ARARs 
St. Juliens Creek Annex CSJO 

Requirements Synopsis Applicability SJC Situation/Comment 
Regulates emission of any toxic pollutant from A or RA This rule may be applicable to SJC facilities that emit toxic pollutants 

new/modified sources. Exemptions may be (e.g., air strippers, soil vapor extraction units), if these facilities do 
available for certain sources with emissions of toxic not meet one of the exemption criteria or are regulated under 
pollutants below the Threshold Limit Values (TLVs) §112 of the CAA and 9 VAC 20-60-10. 
set forth in the regulation, for sources subject to 
regulation under $112 of the Federal Clean Air Act, 
and for sources regulated under the incineration 
provisions of 9 VAC 20-60-10 (Virginia’s Hazardous 
Waste Management Regulations); prohibits 

Rule 5-4 Stationary 
Sources (9 VAC 5-50- 
240 Applicability and 
Designation) 

Rule 5-4 Stationary 
Sources (9 VAC 5-50- 
270) 

discharges of toxic pollutants in quantities that may 
cause or contribute to the endangerment of human 
health; and prohibits discharges that cause or 
contribute to any significant ambient air 
concentration. 

Regulates “facilities that emit or cause air pollution throughout the Commonwealth of Virginia;” requires facilities to use BACT, except facilities in 
nonattainment areas must use lowest achievable emission rate (LAER) for each “qualifying” pollutant. See detailed discussion below on regulated 
pollutants, types of standards, and pertinence for SJC. 

Major sources in nonattainment areas. Prohibits A or RA SJC is not in an area designated as a nonattainment area for any 
emissions in excess of that resulting from the use of criteria pollutants. Thus, BACT, rather than LAER, would be 
LAER. LAER applies to each qualifying pollutant pertinent for controlling emissions. Because few new sources at 
and typically is set on a case-by-case basis during SJC sites are expected to be “major” sources, the requirements are 
the NSR process described above (See 9 VAC 5-50 - likely to only be potentially relevant and appropriate, rather than 
New and Modified Sources.) LAER is defined as the applicable. 
more stringent rate of emissions based on the 
following: 
a. The most stringent emissions limitation in the 

implementation plan of any State for such 
class or category of stationary source, 
unless the owner of the proposed 
stationary source demonstrates limitations 
are not achievable; or 

WDC !04.DOC/4 



Table 4-6 

Federal or State 
Citations 

Summary of Potential Federal and State Air ARARs 
St. J&ens Creek Annex (SJC) 

Requirements Synopsis Applicability 
b.The most stringent emissions limitation that is 
achieved in practice by such class or category of 
stationary source. This limitation, when applied 
to a modification, means the lowest achievable 
emissions rate for the new or modified 
emissions units within the stationary source. 

In no event shall the emissions rate exceed the amount 
allowable under an applicable new source standard 
of performance. For air pollutants other than HAPS, 
a “major source” is defined as a “source that directly 
emits or has the potential to emit 100 tons per year 
or more of any air pollutant (including any major 
source of fugitive emissions of any such pollutant). 
The fugitive emissions of a stationary source shall 
not be considered in determining whether it is a 
major stationary source, unless the source belongs to 
one of 27 specified categories. In ozone 
nonattainment areas, certain stationary sources with 
potential to emit between 10 tons per year and 100 
tons per year or more of VOCs or NOx are major 
sources. 

SJC Situation/Comment 

Rule 5-4 Stationary 
Sources (9 VAC 5-50- 
280) 

Major sources in attainment areas. Prohibits emissions A or RA SJC in an area that is attaining the NAAQS for all pollutants. Thus, 
in excess of that resulting from BACT. BACT must BACT, rather than LAER, would be pertinent. Because few, new 
be met for each pollutant subject to regulation under sources at SJC CERCLA sites are expected to be “major” sources, 
the Federal CAA that it would have potential to emit the requirements are likely to be relevant and appropriate, rather 

in significant amounts. BACT is set on a case-by- than applicable. 
case basis and is “standard of performance 
(including a visible emissions standard) based on 
the maximum degree of emissions reduction for any 
pollutant which would be emitted from any 
proposed stationary source... taking into account 
energy, environmental and economic impacts and 

WDC971390004,DOC/5 



Table 4-6 
Summary of Potential Federal and State Air ARARs 

St. Juliens Creek Annex (SJC) 

Federal or State 
Citations Requirements Synopsis 

other costs, determines is achievable for such source 
through the application of production processes or 
available methods, systems and techniques, include 
fuel cleaning or treatment or innovative fuel 
combustion techniques for control of such 
pollutants.” Application of BACT shall not result in 
emissions that exceed the applicable standards in 
Rule 5-5 or Rule 6-l. 

Applicability SJC Situation/Comment 

Rule 5-4 Stationary 
Sources (9 VAC 5-50- 
290 and 9 VAC 5-50- 
300) 

Rule 5-4 Stationary 
Sources (9 VAC 5-50- 
310) 

Rule 5-4 Stationary 
Sources (9 VAC 5-50- 
320) 

Rule 5-4 Stationary 
Sources (9 VAC 5-50- 
340) 

Rule 5-4 Stationary 
Sources (9 VAC 5-50- 
350) 

Visible Emissions and Fugitive Dust/Emissions. A or RA See Rule 5-l above. 
Provisions of rule 5-l (above) apply. 

Odorous Emissions. Provisions of Rule 5-2 (above) A or RA See Rule 5-2 above. 

apply. 

Toxic Pollutants. provisions of Rule 5-3 (above) apply. A or RA See Rule 5-3 above. 

Test Methods. Provisions of 120-05-03 (emission A or RA See §120-05-03 (emission testing) above. 
testing) apply. (See above.) 

Monitoring. Provisions of 120-05-04 (monitoring) A or RA See 120-05-04 (monitoring) above. 
apply. (See above.) 
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Table 4-6 
Summary of Potential Federal and State Air ARARs 

St. Juliens Creek Annex (SJC) 

Federal or State 

Citations Requirements Synopsis Applicability SJC Situation/Comment 

Rule 5-5 Incorporates EPA rules for specific categories of A or RA Few facilities at SJC sites are likely to fall into the industry categories 
Environmental facilities such as various kinds of steam generating for which EPA has set New Source Performance Standards 
Protection Agency units, incinerators, and manufacturing facilities. (NSF’S). If cleanup activities call for new/major modifications to 
Standards of sewage treatment plants or landfills, NSPS for those source 
Performance for New categories would be applicable. NSF’S also may be relevant and 
Stationary Sources (9 appropriate for air stripping units, soil vapor extraction units, 
VAC 5-50-410) and other facilities that emit some regulated pollutants but for 

which industry category standards have not been set. 

Hazardous Air Incorporates EPA’s standards for Hazardous Air Pollutants under $112 of the CAA, as amended in 1990 (40 CFR 61). Section 112 requires EPA to 
Pollutant Sources (9 identify source categories for 189 toxic pollutants listed in the statute and to set Maximum Available Control Technology (MACT) for each category. 
VAC 5-60) EPA has published a list of 174 source categories of major and area sources that will be regulated. Lists of the 189 HAPS and the deadlines for issuing 

regulations for the 174 categories are attached. National Emission Standards for Hazardous Air Pollutants (NESHAPs) pertain to both existing and 
new/major modification sources. In addition to requiring MACT, the Federal and State regulations requiring testing, specify the test methods, and set 
monitoring requirements. 

Rule 6-l Incorporates EPA’s NESHAPs (40 CFR 61), requiring A or RA HAPS for the waste treatment industry are likely to be applicable to 
Environmental the use of MACT for regulated pollutants from any POTWs, municipal landfills, hazardous waste incineration, 
Protection Agency regulated source categories. EPA has identified sewage sludge incineration, site remediation, solid waste treatment, 
National Emission sources categories within the waste treatment storage and disposal facilities; if they are proposed, they will be 

Standards for industry group for HAP regulation including: TBCs. 

Hazardous Air POTWs, municipal landfills, hazardous waste 
Pollutants (9 VAC 5- incineration, sewage sludge incineration, site 
60-70) remediation, solid waste treatment, storage and 

disposal facilities. The rule for POTWs is scheduled 
for final promulgation in March 1997. The others 
will not be final until at least the year 2000. 
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Table 4-6 

Federal or State 
Citations 

Rule 6-2, National 
Emission Standards 
for Hazardous Air 
Pollutants 
(NESHAPs) 

40 CFR 61.145 to 40 
CFR 61.156 NESHAP 
for Asbestos 

Summary of Potential Federal and State Air ARARs 
St. Juliens Creek Annex (S JC) 

Requirements Synopsis Applicability SJC Situation/Comment 

This regulation incorporates by reference most of the A or RA This regulation is a potential ARAR for remedial actions which 
Federal NESHAPs promulgated under 40 CFR Part may involve the release of hazardous air emissions from 
63 requiring the use of MACT standards for various equipment leaks (e.g., pumps, compressors, pressure relief 
source categories. devices, valves, etc.). Such actions might include air strippers, 

soil vapor extraction systems, etc. 

[Note: See the Virginia regulations at 9 VAC 5-60-100 
for a listing of those 40 CFR Part 63 provisions 
incorporated by reference.] 

Regulates asbestos emissions from asbestos None of the sites at SJC are known to involve asbestos; however, 
manufacturing, building renovation and demolition they should be investigated carefully. If any asbestos is present, 
activities, asbestos waste disposal, and processing. asbestos NESHAPs regulations may be applicable for cleanup 
Mandates specific actions/procedures to reduce activities that entail demolition of structures containing asbestos 
asbestos-containing emissions to the ambient air. materials. 
Virginia’s regulations parallel Federal ones, but 
Virginia requires additional labeling and handling. All 
asbestos contractors must be licensed. 

[Note: See Table 2.2 WS~MRs) for regulations 
governing disposal preparation, transportation, and 
disposal of asbestos.] 

i. ‘v&b ,“~~~~~~~~-,“~~~~,~~,-~“~~~ r ,t~AkY~‘- x ,,“z,,- . . ..- _ : : ‘..@,’ >,,&,.X ^ &“:> ‘2 ,,; “-‘$&>.$ i,&;:, ,,,,,, .c*-.. _ ,_ __“_ ” __, _ ___ :;y*z- “7 i ~: _” 2 .6*l.ii‘_i$?.- “.>~L-/$, 

Ambient Air Quality These provisions are designed to assure that 
Standards (9 VAC 5- ambient concentrations of air pollutants are 

30) consistent with established criteria, and, unless 
specified otherwise, apply throughout the 
Commonwealth of Virginia. The regulation 
specifies primary and secondary air quality 
standards for the following: Particulate matter 
(TSP); Sulfur oxides (sulfur dioxide); Carbon 
monoxide; Ozone; Particulate matter (PMlO); 
Nitrogen dioxide; and Lead. 

__ . . . - - . 

This regulation is a potential ARAR for remedial actions which 
could involve emissions of any of the pollutants for which 
primary and/or secondary ambient air quality standards have 
been established. Such remedial actions may include excavation 
activities, demolition activities, air stripping, soil vapor 
extraction, etc. 

Applicable KA = Kelevant and Appropriate ‘I‘BC = ‘1‘0 Be Considered 
* The three types of ARARs are chemical specific, action specific, and location specific. 
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Table 4-7 
Summary of Potential Federal and State Stormwater ARARs 

St. Juliens Creek Annex MC1 

Federal or State Citations .., _.,” i ,“i,W I_ * SX~_l.,~,~? ,.,’ ““, ” ““‘y“‘, :,“,,, ._. _.^,._ ” .“.. ,,. A : ̂ i ,..-. ,. ,... ~,I. ,f.,- “LL. 

9 VAC 25-170 

lO.l-560~s.; 
4 VAC 50-30 

Reauirements Svnopsis 

Inhibits deterioration of existing waters and waterways by 
requiring that post development stormwater runoff 
characteristics, including water quality and quantity, are 
maintained, to the extent practicable, equal to or better than 
the pre-development runoff characteristics. 

Establishes minimum acceptable technical criteria to control non- 
point pollution, localized flooding, and stream channel 
erosion, 

The regulations require that all land development projects have a 
stormwater management plan that specifies how stormwater 
will be controlled such that the post-development runoff rate 
will not exceed the pre-development runoff rate. The Section 
also contains specitic methods for calculating runoff rates, 
standards for water volume control facilities (e.g., detention 
basins, infiltration facilities), and requires compliance with the 
Virginia Erosion and Sediment Control Regulations. (See 
below.) 

[Note: A land development project is a manmade change to the 
land surface that potentially changes its runofs 
characteristics. 1 

Establishes minimum standards for the control of soil erosion, 
sediment deposition, and runoff, and requires that an erosion 
and sediment control plan be prepared and submitted for 
activities that disturb the land. Specific requirements 
include: minimum standards for sediment basins and traps; 
soil stabilization procedures; protection of waterways and 
properties from erosion, sediment deposition, and damage 
due to increased volume, velocity or peak flow rate of 
stormwater runoff. 

AorRA 
undertaken as part of a removal or remedial action, and would require 
that such projects develop a stormwater management plan. At the 
SJC sites, land development projects could include capping landfills 
and excavation of soils. 

This is a potential ARAR for “land development projects” undertaken 
as part of a removal or remedial action, and would require that 
such projects develop an erosion and sediment control plan. At 
the SJC sites, land development projects could include capping 
landfills, and excavation of soils. 

[Note: A land development project is a manmade change to the 
land wfuce that potentially changes its runoff characteristics.] 



Table 4-8 
Summary of Potential Federal and State TSCWPCB ARARs 

St. J&ens Creek Annex (SJC) 

Federal or State Citations Requirements Synopsis Applicability SJC Situation/Comment 
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15 U.S. Code 2601 and The Toxic Substances Control Act (TSCA), contains two basic A TSCA regulations are potentially applicable to IDW and removal/ 
implementing regulations 40 regulatory features: the acquisition of information to identify remedial action wastes from SK sites that contain PCBs at 
CFR 761 and evaluate the potential hazards from chemical substances concentrations of 50 ppm or higher. Such wastes would be subject to 

(primarily through the requirement for pre-manufacture notices); the containerzation, labeling, and storage requirements, as well as the 
and, regulation of the production, use, distribution, and disposal manifesting and disposal requirements when shipped offsite for disposal. 
of such substances, as necessary. The provisions of TSCA that 
are potential ARARs at CERCLA sites are the regulations [Note: wastes containing PCBs, even at concentrations below 50 ppnz. 

covering the management of PCBs. Specifically, TSCA are also considered special wastes by the VSWMRs. (See VSWMR 

regulates the storage, containerization, labeling, manifesting, Section, Part VIII - Special Wastes.)] 

and disposal of wastes containing PCBs in concentrations of 50 
parts per million (ppm) or greater. 



Table 4-9 
Summary of Potential Federal and State Transportation ARARs 

St. Juliens Creek Annex (SJC) 

Federal or State Citations Requirements Synopsis Applicability SJC Situation Comment 
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Regulations Governing the Establishes rules and regulations designating the manner and AorRA All off-site transport (i.e., off SJC proper) of hazardous materials 
Transportation of Hazardous method by which hazardous materials shall be loaded, generated as a result of removaVremedia1 actions, including IDW, at 
Materials (9 VAC 20-l 10) unloaded, packed, identified, marked, placarded, stored, SJC must comply with the substantive and administrative 

and transported. requirements of this section. In addition, the substantive regulations 
in this section may be relevant and annronriate for on-site (i.e., on 
SJC) transport of hazardous materials. 



Table 4-10 
Summary of Potential Federal and State Miscellaneous ARARs 

L 
Ir 

National Historic Preservation 
Act, Section 106 and 
Code of VA, Sections 
10. I-2200 g s; 
lO.l-2300get 

40 CFR Part 6, Appendix A 

St. Juliens Creek Annex @.I( 

Requires that a reasonable and good faith effort be 
made to identity and evaluate historic properties, to 
assess the project’s effects when historic properties are 
found, and to offer the Virginia Department of Historic 
Resources an opportunity to comment on the affected 
property when it is either listed or eligible for listing on 
the National Register of Historic Places. 

Any activity located in a floodplain must comply with 
the provisions of this Executive Order. The Order 
requires that Federal activities in floodplains must 
reduce the risk of flood loss, minimize the impact of 
floods on human safety, health and welfare, and 
preserve the natural and beneficial values served by 
floodplains. All actions located in floodplains should: 
be designed or modified to minimize potential harm lo 
or within the floodplain; be constructed in accordance 
with standards and criteria and to be consistent with the 
intent of those promulgated under the National Flood 
Insurance Program; and include accepted floodproofing 
and other flood protection measures. 

The term ‘floodplain” refers to the lowland and 
relatively jlat areas adjoining inland and coastal 
waters including jloodprone areas of offshore islands, 
and, at a minimum, that area subject to a I percent or 
,u-eater chance of Roodina in anv riven year. 

These regulations are potential ARARs for remedial/removal actions at sites in 
the SJC. The requirements to provide the opportunity to comment would likely 
be considered administrative. The substantive requirements would be either 
applicable or relevant and appropriate. 



Table 4-10 
Summary of Potential Federal and State Miscellaneous ARARs 

St. J&ens Creek Annex (SJC) 

Federal or State Citations Requirements Synopsis Applicability SJC Situation Comment 
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16 USC 661- 666~ - Fish and Section 663(a) of the Fish and Wildlife AorAR This Act is a potential ARAR for remedial actions involving the modification 
Wildlife Coordination Act Coordination Act states that when the waters of any of surface waters. The Act does not apply to projects involving the 

stream or other body of water are “impounded, impoundment of water where the surface area of the impoundment is less 
diverted, the channel deepened, or the stream or than ten acres. 
other body of water otherwise controlled or 
modified for any purpose whatever, including 
navigation and drainage, by any department or 
agency of the United States,” adequate provision, 
consistent with the primary purpose of such 
impoundment, diversion, or other control, must be 
made for the use of such water, and for the 
conservation, maintenance, and management of 
associated wildlife resources and habitats. 

[Note: Wildlife and wildlife resources are defined as 
“birds, fishes, mammals, and all other classes of wild 
animals and ah types of aquatic and land vegetation 
upon which wildlife is dependent.“] 

,:_ ,” I. ,F< 

Code of VA Requires that certain locally designated tidal and A, RA . The waters surrounding SK are tributaries of the Chesapeake Bay. As a 

Section lO.l-2100get nontidal wetlands, as well as other sensitive land areas, result, these regulations are potential ARARs for removal/remedial actions 
be subject to limitations regarding land use, that impact water quality. Such actions may include land-disturbing 
development, or redevelopment. Criteria for such activities, removal of vegetation, and use of an impervious cover. 
actions include: 

Minimal land disturbance; 
Maximum indigenous vegetation preservation; 
Utilization of best management practices; 
Minimization of impervious cover; 
Incorporation of stormwater criteria and buffer area 
requirements; and 
Development of a water quality impact assessment. 

Developments exceeding 2,500 square feet must 



Table 4-10 
Summary of Potential Federal and State Miscellaneous ARARs 

St. Juliens Creek Annex (SJC) 

Federal or State Citations Requirements Synopsis Applicability SJC Situation Comment 
comply with the requirements of any local erosion and 
sediment control ordinances. 
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“k U.S.C. 1531 and Requires a determination as to whether any action is A There may be endangered or threatened animal species in the SK area. 
Code of VA likely to jeopardize the continued existence of any Consequently, a substantial portion of these regulations may be ARARs for 

Section 29.1-100 et=; endangered species or the critical habitat designated for actions that may jeopardize endangered or threatened species. 

29.1-563 g ~LYJ 
such species. To comply with the above, biological 
assessments must be conducted to determine whether 
endangered species or their habitats are threatened by 
the site and, if necessary, to take reasonable mitigation 
and enhancement measures including live propagation, 
transplantation, and habitat acquisition and 
improvement. 
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Code of VA Requires that any activity that impacts a wetland meet 
: “‘““,,z+,;, 

A This regulation may be an ARAR for activities occurring in areas that meet the 
Section 28.2-1300 Ed = the provisions of the Virginia Wetlands Act and definition of a wetland. 

regulations. Wetlands of primary ecological 
significance must be not altered so that ecological 
systems in the wetlands are unreasonably disturbed. 
Developments in Tidewater, Virginia, to the maximum 
extent practical, must be concentrated in wetlands of 
lesser significance. Any anticipated public and private 
benefit resulting from the activities occurring in a 
wetland should exceed the anticipated public and 
private detriment. 

The term “wetlands” means both vegetated and 
nonvegetated wetlands. ‘Vegetated wetlands” are 
lands lying between and contiguous to mean low 
water and an elevation above mean low water equal 
to the factor one and one-half times the mean tide 
range and upon which is growing a species of 
vegetation. “Nonvegetated wetlands” are 
unvegetated lands lying contiguous to mean low 
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Federal or State Citations Requirements Synopsis Applicability SJC Situation Comment 
water and between mean low water and mean high 
water. 

(VR 450-01-0051 pertains to Wetlands Mitigation - 
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9 VAC 25-380 Wetlands This policy establishes the preservation and A This activity is a potential ARAR for activities which would effect or 
Policy protection of wetlands ecosystems by: requiring which occur in areas which meet the definition of a wetland (see Virginia 

proper control of any construction activities and Wetlands Act above). 
of non-point sources to prevent discharges which 
would impair the quality of the wetland area; 
ensuring that wastewaters will be kept below a 
level that would alter the natural, physical, 
chemical, or biological integrity of the wetland; 
minimizing the alteration of the quality and 
quantity of the natural flow of water to the 
ecosystem; protection of the wetlands from 
adverse dredging or filling practices, solid waste 
management practices, siltation, or the addition 
of contamination from non-point source wastes 
and through construction activities; and 
preventing violations of applicable water quality 
standards. 

[Note: Although this regulation is referred to as 
a “policy,” it is a promulgated regulation, and, 
therefore, is a potential ARAR as opposed to a 
potential TBC.] 
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Clean Water Act Regulates activities that dredge in or dispose of A This regulation may be an ARAR for sites at SK that conduct the following 
Section 404 dredged materials (spoil) in navigable waters of the US. activities: 
40 CFR 230 The degradation Section requires that degradation or 

destruction of wetlands and other aquatic sites be 
avoided to the extent possible. Dredged or fill material 

. Dredging of a contaminated river or marine sediment; 

must not be discharged to navigable waters if the . Capping of a site; 

activity: contributes to the violation of Virginia water . Disposal of dredged materials in surface water, to include 
quality standards; violates any toxic effluent standard wetlands; and 
(CWA Sec. 307); jeopardizes endangered or threatened . Excavation to contain effluent. 
species; or violates Title III of the Marine Protection, 
Research, and Sanctuaries Act of 1972. If wetland has 
been severely degraded due to prior discharges of 
waste, dredging activities conducted as part of the 
remedy would serve as an economic benefit and, 
therefore, the lead agency would not be obligated under 
Section 404 to mitigate the impacts which preceded the 
remedial fill operation. Dredging actions that impact a 
wetland and cannot be avoided or minimized, 
enhancement, restoration, or creation of another 
wetland may be required. 



SECTION 5.0 

Investigation Tasks 

This section details the technical approach to perform the RI activities at St Juliens Creek 
Annex. FSs are discussed in Section 6.0 of this document. The technical approach is broken 
into major tasks. General procedures for conducting these tasks are presented in this section, 
while information on the procedures for the collection and analysis of samples are presented in 
the Master FSP and Master QAPP documents, respectively. The tasks included in the technical 
approach are listed below. Details of sample locations, sampling methods, and sample 
analyses will be presented in the site-specific FSPs and QAPPs. 

Task 1: Project Planning 
Task 2: Fieldwork Support 
Task 3: Field Investigation 
Task 4: Sample Analysis and Data Validation 
Task 5: Risk Assessment 
Task 6: RI Report 
Task 7: Evaluating SSAs 

Task 1: Project Planning 
This task includes project management, project meetings, the preparation of site-specific plans 
for each area of investigation at St. Juliens Creek Annex. The site-specific plans will be based 
on the Ml’, which addresses the future RI/FS and SSA activities in a general sense. The site- 
specific plans will supplement each Ml? and will present information specific to each n’ew area 
of investigation. The site-specific plans are used in conjunction with the Ml? at each site. 

5.1 .l Work Plan 
The Master WP encompasses a broad range of anticipated activities at RI/FS sites and provides 
the background information needed to understand site conditions and the approach to be used 
for the RI/FS process. A site-specific work plan will include the following information: 

l Site background information that focuses only on the area of investigation, rather than the 
entire Base, including a description of past investigations conducted at the site 

l Information concerning the site’s environmental setting including site-specific geology and 
topography and the water table elevation at the site. 

l A map illustrating the area of investigation in relation to the entire Base 

l A description of the field investigation and activities to be performed at the site, inc:luding 
methods and locations of drilling and sampling and types of analyses to be performed 

l A map displaying boring and sample locations 

l A description of the feasibility study tasks to be performed at the site 
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l A section explaining staff organization and task order management 

l A task order schedule 

5.1.2 Sampling and Analysis Plan 
The Master SAP consists of a Master FSP, a Master QAPP, and a Master IDWMP. 

The Master FSP will be referenced during field activities as general guidance for all sampling 
and data collection activities. A site-specific FSP will include the following information: 

l A detailed description of the field procedures and practices to be used at the site, including 
the types of activities to be performed; locations, methods, depths, and dimensions of 
drilling; locations, methods, types, depths, and frequency of sampling; Quality Control 
(QC) sampling; sample designation/identification; parameters for sample analyses; types 
of monitoring equipment to be used; and decontamination procedures 

l A map displaying boring and sample locations 

l A table indicating the depths of monitoring wells and their associated lithology/geologic 
unit (if applicable) 

l A table organizing information for the site sampling program (i.e., sample name, location, 
parameters for analysis) 

l An attachment including the SOPS for field activities conducted at the site, including but 
not limited to those activities listed above 

l Site-specific changes to protocol established in the Master FSP as needed 

The Master QAPP describes the general Quality Assurance/Quality Control (QA/QC) 
procedures used when performing sampling activities. A site-specific QAI’I? will include the 
following information: 

l A brief summary of site background information and the sampling objectives at the site 

l A list of the Data Quality Objectives 

l A brief description of the sample collection procedures (referencing the site-specific 
addendum to the FSP for further detail) 

l A list of monitoring equipment to be used in the field (referencing the site-specific 
addendum to the FSP for details of operation and calibration) 

l A summary of samples, including QC samples, to be submitted to the laboratory and of the 
analyses to be performed on the samples 

l Site-specific changes to protocol established in the Master QAIT as needed 

The Master IDWMP describes methodologies and procedures that field personnel of 
environmental contractors on St. Juliens Creek Annex will implement to characterize, handle, 
manage, and dispose of all investigation-derived waste (IDW) during RI/FS or SSA field 
activities. A site-specific IDWMP will include the following information: 

l A list of site-specific sampling parameters 
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l Specific areas on site to stockpile IDW until the field activities are completed and sampling 
analytical results have returned 

l Site-specific changes to protocol established in the Master IDWMP as needed 

5.1.3 Health and Safety Plan 
The Master HASP presents the conditions and hazards known or anticipated to be present on 
St. Juliens Creek Annex. The Master HASP addresses safe working procedures, general 
restrictions that will apply to the Base work, and potential human exposure to hazardous 
substances and the toxicological effects of these substances. A site-specific HASP will include 
the following information: 

l Details of task order information such as task number, task manager, dates of initial site 
visits, and field work start date 

l A map of the area of investigation in relation to the entire Base 

. A description of the task organization, including names and phone numbers of the project 
manager, field team leader, subcontractors, contractors, and additional field team members 
not already listed in the Master HASP 

l A table containing site-specific hazards and contaminants of concern not already listed in 
the Master HASP and information on their symptoms, controls, and exposure limits 

l A description of activities to be performed in the field, the level of personal protection 
expected, and a complete list of personal protective equipment required to perform the 
activities at this level 

l A description of the monitoring equipment required during field activities, action levels, 
how often to take readings from the equipment, and how often to calibrate the instruments 

l A list of emergency equipment not already included in the Master HASP 

l Environmental contractor’s field cellular phone number and any emergency 
contacts/telephone numbers not already included in the Master HASP 

l MSDSs for the chemicals used on site and the site’s contaminants of concern 

l Directions to and the point-of-contact (POC) for the hospital 

5.1.4 Meetings 
During the course of future investigations, meetings will be necessary to discuss proposed 
project schedules and findings withthe Restoration Advisory Board (RAB), the regulatory 
community, and Navy personnel. The environmental contractor will provide minutes of the 
meetings to LANTDIV. 

5.1.5 Project Management 
Project management will include overall coordination of all work to be performed at St. Juliens 
Creek Annex. Management structures for Base environmental contractors involved in multiple 
Contract Task Orders (CTOs) should be designed such that there is one central administrative 
point of contact, the Activity Manager, and multiple Technical Task Managers who will 
manage each technical task as their expertise is required. The Activity Manager will maintain 
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close contact with LANTDIV Navy Technical Representative (NTR). The NTR will also keep 
the USEPA Remedial Project Manager (REM) and VDEQ Federal Facilities Project Officer 
informed of project progress and discuss with them any issues which need to be resolved with 
respect to the RI/FS activities at St. Juliens Creek Annex. Figure 5-l presents the project 
organization. 

The Activity Manager will oversee and coordinate each project to maintain the overall project 
schedule and coordinate the Monthly Progress Report effort. In addition, the Activity 
Manager and the Technical Task Managers will conduct weekly internal program review 
meetings to update all Team members on individual project status and upcoming technical 
needs and to discuss technical issues which may impact the course and/or completion of other 
technical tasks. After the weekly internal review meetings, the Activity Manager will relay the 
pertinent issues to the LANTDIV NTR via weekly teleconferences. The Activity Manager will 
also provide general program support, interaction with the client and regulatory agencies, and 
documentation of decisions on technical issues which may affect future work at St. Juliens 
Creek Annex. 

Responsibilities for the Technical Task Managers include such activities as daily technical 
support and oversight, budget and schedule review and tracking, personnel resources 
planning and allocation, and project-specific coordination with LANTDIV, the Activity and 
subcontractors. 

The following responsibilities will be shared by the Activity Manager and the Technical Task 
Managers: 

1. Monitoring technical, cost, and schedule performance, 

2. Orchestrating the environmental contractor’s overall QA efforts - audit, document reviews, 
cost/schedule reviews - with the Program Manager, audit and senior technical staff, 

3. Maintaining close ties with the LANTDIV NTR. 

5.2 Task 2: Fieldwork Support 
This task consists of Subcontractor Procurement, Mobilization/Demobilization, and Utility 
Clearance procedures. 

Subcontractor Procurement 
Base environmental contractors will procure services for a wide variety of tasks including 
drilling, well installation, environmental sampling, soil gas surveys, geophysical surveys, land 
surveying, laboratory analyses, data validation, and IDW disposal services. The subcontracted 
analytical laboratories will meet Naval Facility Environmental Service Center (NFESC) Level D 
quality control. 

Environmental contractors shall procure firms that provide these services by using Basic 
Ordering Agreements (BOAS). Many BOAS have already been established with various 
subcontractors. In cases where BOAS are not in place for services required, or at such a time 
when the Navy shall consider it appropriate to establish new BOAS, the environmental 
contractor will provide subcontractor services in accordance with procedures that will be 
established between the environmental contractor’s contract administrator and LANTDlV’s 
contracting officer. 

5-4 FINALSJCMPP~OOO.DOC 



LANTDIV 
Navy Technical 

Representative for 
St. Juliens Creek 

Annex 

Active Quality Control. 

Manager Senior Review 

Pf 0j ect 
Manager 

Health and 
1 Hydroge,ologist 1 

Field 
Team 

Chemical Analysis 

E.O.A. Laboratory 

Surface Geopysics. 
Dri I I ing. Geoprobe, 

Surveying. 
Data Validation. 

I DW Management 

FIGURE 5-l 
PROJECT OlRGANIZATION 

St. Juliens Creek Annex 



ItmsnmoN TASKS- MASTER PROJECT PLAN 

52.2 Mobilization and Demobilization 
Mobilization includes the procurement of necessary field equipment and initial transport to the 
site. Equipment and supplies will be shipped to the environmental contractor’s field team 
before field activities begin. 

Demobilization activities include those necessary for the general restoration of the site prior to 
the return transport of field equipment and crew. Equipment will be recalibrated and stored 
subsequent to the field effort. 

52.3 Utility Clearances 
Utility clearances will be performed at each site on St. Juliens Creek Annex before the start of 
any subsurface investigation activities. The environmental contractor will coordinate 
subsurface utility clearances with the Miss Utilities group and the Public Works Center @‘WC) 
at the Base. The environmental contractor will be responsible for ensuring that all appropriate 
contacts have been made with base personnel, that clearances have been given for proposed 
drilling locations, and that all utilities will be marked near the areas of potential drilling prior 
to the initiation of field operations. 

5.3 Task 3: Field Investigation 
Field activities which may be included in one or more site investigations include: 

. 
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. 
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Geophysical surveys 
Soil gas surveys 
Surface water sampling 
Sediment sampling 
Surface soil sampling 
Soil boring drilling 
Subsurface soil sampling 
Monitoring well/drive point installation 
Monitoring well abandonment 

Direct push groundwater, soil, and soil gas sampling (Geoprobe@) 

Groundwater sampling 
Aquifer testing 
Hydrologic measurements 
Biota sampling 
Trenching 
Drum sampling 
Land surveying 
Investigation derived waste sampling. 

The SOPS for these activities are included at the end of the in the Master FSP, and a general 
description of the above activities is presented in Section 3.0 of the Master FSP. Other 
specialized field activities may also be required in unusual cases (e.g., cultural resources 
evaluation). SOPS for specialized activities will be attached to the site-specific FSPs. 

Specific field activities required for different investigations will be listed on the FSP site- 
specific checklists. The checklists will reference the SOPS for these activities. Page numbers 
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, will be noted when the SOPS are referenced so that the SOPS may be easily accessed. Details of 
sample locations, sampling methods, and sample analyses will be presented in site-specific 
SAPS and site-specific WPs. 

5.4 Task 4: Sample Analysis and Data Validation 
The environmental contractor will be responsible for tracking sample analyses and obtaining 
results from the laboratory. The analytical data generated during RI and SSA field programs 
will be validated by an independent data validator following NFESC guidance. 

54.1 Sample Analysis 
All analyses of soil, groundwater, surface water, and sediment will be conducted at a 
contracted laboratory that fulfills all requirements of the NFESC Navy Installation Restoration 
Laboratory Quality Assurance Guide (February 1996), EPA’s Contract Laboratory Program, or 
at a laboratory that is approved by the US Army Corps. A signed certificate of analysis will be 
provided with each laboratory analysis, along with a certificate of compliance certifying that 
all work was performed in accordance with the applicable federal, state, and local regulations. 
All analyses will be performed following NFESC guidance. 

54.2 Field Quality Control Procedures 
Quality control duplicate samples and blanks are used to provide a measure of the internal 
consistency of the samples and to provide an estimate of the components of variance and the 
bias in the analytical process. 

5.4.2.1 Blanks 

Blanks provide a measure of cross-contamination sources, decontamination efficiency, and 
other potential errors that can be introduced from sources other than the sample. American 
Society of Testing Materials (ASTM) Type II water will be used for blanks. Three types of 
blanks will be generated during sampling activities: trip blanks, field blanks, and equipment 
blanks. 

One trip blank will be included in each cooler containing samples for VOC analysis. Pre- 
prepared trip blanks will be obtained from the laboratory, if possible. Otherwise, the trip 
blanks will be prepared prior to each sampling event, shipped or transported to the field with 
the sampling bottles, and sent to the laboratory unopened for analysis. Trip blanks will not be 
prepared or handled in the field. Trip blanks will indicate if any contamination occurred 
during shipment to the field, field storage, or during shipment from the field to the analytical 
laboratory. 

One field blank will be collected per source, per sampling event, or daily during very windy or 
dusty conditions. The field blanks will indicate if any contaminants were introduced during 
the handling of the sample containers in the field or during sample analysis at the laboratory. 
The sample container will be filled with ASTM Type II water in the field at the time of 
sampling. This is the same source of water used in decontamination and steam cleaning. Pre- 
preserved bottles will be obtained from the laboratory, if possible. Otherwise, preserva.tives 
will be added in the field. Field blank sample containers will be capped, packed, and shipped 
with the samples. 
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One equipment blank will be collected and analyzed every day during sampling activities. 
The equipment blanks will indicate the efficiency of equipment decontamination procedures. 
Pre-preserved bottles will be obtained from the laboratory, if possible. Otherwise, 
preservatives will be added in the field. Equipment blank sample containers will be capped, 
packed, and shipped with the samples. 

5.4.2.2 Duplicates 

Field duplicate samples will be collected at a frequency of 1 per 10 field samples per matrix. 
Duplicates are collected from locations where the greatest amount of contamination is 
suspected. The duplicate sample will be submitted for analysis as an independent sample. 
The sample and its duplicate will be numbered non-sequentially. Duplicates for soil 
(excluding VOCs) should be homogenized first 

5.4.2.3 Matrix Spike/Matrix Spike Duplicate (MSIMSD) 

Matrix spike/matrix spike duplicate (MS/MSD) samples will be collected at a frequency of 1 
per 20 field samples. Analytical results of these samples indicate the impact the matrix (water, 
soil, sediment) has on extracting the analyte for analysis. Data validators will use these results 
to evaluate the accuracy and precision of the analytical data. 

5.4.3 Data Validation 
The data validation will be performed by an independent subcontractor and will conform to 
the NFESC and EPA guidance. Validation subcontractors will follow EPA Region III 
Modifications to the National Functional Guidelines for Organic and Inorganic Data Review. 
All data from analytical laboratories will be validated before the project staff finalizes their 
interpretation. Non-Contract Laboratory Program (CLP) analyses will be validated using the 
Region III modifications as appropriate and professional judgement. 

5.4.4 Data Management and Evaluation 
Environmental analytical samples and various types of field data will be collected during field 
investigations at St. Juliens Creek Annex. This information will ultimately be used to 
determine the risk to human health and the environment and to support decisions for remedial 
action. The environmental contractor will employ an environmental data management system 
(EDMS) to manage information collected from St. Juliens Creek Annex sites. The EDMS will 
provide an accurate, structured, easily accessible data set. 

Data will be analyzed and graphically presented in reports and for meetings using computer- 
aided drafting and design (CADD) and/or geographic information system (GIS) technology. 
Where GIS technology is utilized, geologic, analytical, and geographical data will be converted 
to a GIS format to allow for two and three-dimensional data evaluation and visualization. By 
using GIS technology the environmental contractor will be able to prepare such data analysis 
products as geologic cross sections, fence diagrams, chemical isoconcentration maps, water 
table maps, three dimensional block diagrams, and well construction diagrams. 

5.5 Task 5: Risk Assessment 
This task includes the preparation of a Baseline Risk Assessment (BRA). A BRA will be 
developed for each RI/FS site located at St. Juliens Creek Annex and will consist of a baseline 
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human health risk assessment and a baseline ecological risk assessment. The risk assessments 
will be conducted in accordance with current EPA national and Region III guidelines. 

The BRA will identify existing or potential risks to human health and/or the environment and 
will provide valuable input to the development and evaluation of remedial alternatives during 
the FS. The following sections present a general approach for conducting both elements of the 
BRA. 

5.5.1 Baseline Human Health Risk Assessment 
Human health assessments will be conducted in accordance with the NCP (USEPA, 199Ob). 
The primary guidance document for all human health assessments will be the Risk Assessment 
Guidance for Superfund (RAGS), Volume I, Human Health Evaluation Manual (Part A.) 
Interim Final (USEPA, 1989d). Other EPA Risk Assessment guidance documents will be used 
including RAGS D - Standardized Planning, Reporting, and Review of Superfund Risk 
Assessments (USEPA, 1998). 

In addition to EPA RAGS guidance, the Navy will also follow a tiered risk assessment 
approach. The tiered approach is intended to simplify and streamline risk assessments. The 
first tier (Tier I), consists of risk-based screening where concentrations of site contaminants are 
compared to Risk-Based Screening Concentrations (RBCs), Preliminary Remediation Goals 
(PRGs), Soil Screening Values and/or Maximum Concentration Levels (MCLs). Those 
chemicals which are retained after the screen are then evaluated using site-specific screening 
values developed in concert with the EPA site toxicologist (Tier IIA). The chemicals which 
remain are then evaluated in a full baseline risk assessment (Tier II B). The last tier, Tier III, is a 
calculation of the risk associated with implementing a remedial action. In order for this 
approach to be successful, communication with the EPA toxicologist assigned to the site is 
essential, throughout the process. 

As defined in these reference documents, the human health evaluation contains five 
fundamental sections. These are the hazard assessment, which includes the selection of 
chemicals of potential concern; the exposure assessment; the toxicity assessment; the risk 
characterization; and the uncertainty assessment. Consensus agreements developed by the 
Norfolk Partnering Team Human Health Risk Assessment Subgroup are being used folr Sites 2, 
3,4, and 5, as discussed with EPA during development of the work plans for these 
investigations. The Subgroup consisted of risk assessors from the Navy, CH2M HILL, Baker 
Environmental, EPA, and VADEQ. These consensus agreements are also provided for IEPA 
review in Appendix A of this Master Work Plan. Upon approval of this Master Work Plan, 
these agreements will be used in future Site Human Health Risk Assessments. 

5.5.1 .I Hazard Assessment 

The hazard assessment includes an evaluation of available analytical data and the selection of 
chemicals of potential concern (COPCs). The evaluation of available analytical data results in 
the identification of the data set to be used in the risk assessment. This evaluation includes a 
review of the quality of the data and the identification of data gaps and uncertainties 
associated with the data. In order to determine which constituents are COPCs, the maximum 
detected concentrations will be compared to risk-based concentrations (RBCs) or other 
screening levels. The primary selection criteria for COPCs will be the EPA Region III guidance 
Selecting Exposure Routes and Contaminants of Concern by Risk-Based Screening, dated January 
1993. Region III COC levels have been established for tap water and soil. The document 
references a Region III RBC table that is periodically updated as new toxicological information 
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becomes available. The most recent revision of this table will be used in determining the 
COPCs at a site. 

The identification of COPCs in surface water will be made by comparing the maximum 
detected concentrations to the Federal Ambient Water Quality Criteria (AWQCs) and Virginia 
Water Quality Standards. Constituents detected in sediment will be evaluated for inclusion as 
COPCs using the approach discussed in the Region III RBC Table and exposure assumptions 
agreed to by the Navy and EPA. Site specific exposure assumptions previously developed for 
Naval Base Norfolk in Consensus Agreement No. 6.A.4 are shown in Appendix A. This 
agreement was reached by the Naval Base Norfolk Partnership in order to provide guidance 
for the selection of COPCs for sediments while conducting human health risk assessments for 
sites at Naval Base Norfolk. A similar approach may be used at St. Juliens as part of the Tier II. 

The inclusion of lead as a COPC in soil, sediment, and groundwater will use the screening 
values agreed to by the Navy and EPA. Consensus agreement 6.A.6 shown in Appendix A is 
the agreement reached by the Naval Base Norfolk Partnership in order to provide guidance for 
evaluation of lead as a COPC, while conducting human health risk assessments for sites at 
Naval Base Norfolk. A similar approach may be used at St. Juliens. 

5.5.1.2 Exposure Assessment 

The objective of the exposure assessment is to evaluate potential exposure to site-related 
COPCs present at, or migrating from, the sites based on reasonable maximum exposure. 
Exposure assessment involves three steps: 1) characterization of exposure setting with respect 
to the physical characteristics of the site and populations on or near the site, 2) identification of 
exposure pathways, and 3) quantification of exposure which includes estimation of exposure 
concentrations and calculation of intakes. 

Characterization of the exposure setting consists of two components, 1) characterization of the 
site with respect to physical characteristics, and 2) characterization of the site with respect to 
human populations on or near the site. This information is needed to identify potential current 
and future exposure pathways and exposure points. 

Potential exposure pathways will be identified for each site. An exposure pathway is defined 
as the path a chemical travels from its source to an exposed organism. A complete exposure 
pathway includes a source and a mechanism for chemical release, a retention or transport 
medium, an exposure point, and an exposure route. Complete or potentially complete 
pathways will be selected for quantitative evaluation in the risk assessment. 

After the exposure pathways are identified, the exposure is quantified. This process involves 
two steps, estimating the chemical concentration at the exposure point, and quantifying 
pathway specific intakes by developing exposure scenarios to estimate the amount of 
contaminants that a hypothetical receptor may ingest, inhale, or absorb. 

The exposure concentration is the concentration at the point of contact. It can either be 
measured directly (i.e., soil concentration) or calculated using fate and transport models. The 
upper 95 percent confidence limit on the mean (95% UCL) will be used as the exposure 
concentration. The distribution of the data must be determined prior to calculating the 95% 
UCL. The W-test will be used to determine if the data fit a normal or lognormal distribution. 
The 95% UCL will then be calculated based on the distribution of the data. 

To quantify pathway specific intakes, exposure parameters, such as media contact rates, 
exposure frequency, and human body weight, are needed for the potentially exposed 
populations. When available and applicable, exposure parameter values will be selected from 
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USEPA risk assessment guidance. Site specific information and professional judgment will 
also be used in the exposure parameter selection process. 

The quantification of exposure is based on an estimate of the average daily intake. The 
following equation is used to estimate chemical intake: 

l Intake=(CxCRxEFxED)/(BWxAT) 

Where: 
Intake = average daily intake (mg/kg/day) 
C = concentration of chemical (mg/kg or mg/L) 
CR = contact rate (mg/day or L/day) 
EF = exposure frequency (days/year) 
ED = exposure duration (years) 
BW = body weight (kg) 
AT = averaging time (days) 

5.5.1.3 Toxicity Assessment 

The toxicity assessment will evaluate the toxic effect(s) for each selected COPC. Toxiciiy 
indices (i.e., numerical values derived from dose-response toxicity data for individual 
compounds) will be obtained from the following sources: 

l Integrated Risk Information System (IRIS, USEPA, 1993~ and as updated) 

l Health Effects Assessment Summary Tables (HEAST, USEPA, 199310 and as updated) 

l Other USEPA sources such as USEPA National Center for Environmental Assessment 
(NCEA) 

Toxicity indices that will be used for risk assessment include reference doses (RfDs) to evaluate 
noncarcinogenic effects and carcinogenic slope factors (CSFs) to evaluate carcinogenic 
endpoints. 

5.5.1.4 Risk Characterization 

Risk characterization combines the results of the hazard assessment, exposure assessment, and 
toxicity assessment to produce a quantitative estimate of current and potential future risks to 
human health. Estimates of carcinogenic risks and noncarcinogenic hazards will be calculated 
for each COPC for each complete exposure pathway. The equation to calculate 
noncarcinogenic hazard is as follows: 

l Noncarcinogenic Hazard (HQ) = Intake/RfD 

Where: 

HQ = hazard quotient 
Intake = average daily intake (mg/kg/day) 
RfD = reference dose (mg/kg/day) 

The individual chemical hazard quotients (HQs) will be summed for an exposure pathway to 
calculate the hazard index (HI). HIS may be summed across exposure pathways to determine 
the total hazard index to an exposed population due to site related contamination. HI values 
equal to or greater than 1.0 indicate the potential for noncarcinogenic health effects to occur. 

Carcinogenic risk is calculated as follows: 
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l Carcinogenic Risk = Intake x CSF 

Where: 
Risk = probability of an individual developing cancer 
Intake = average daily intake (mg/kg/day) 
CSF = cancer slope factor (mg/kg/day)-’ 

Risk estimates will be summed by media for all sites. Risks will also be summed across media 
and exposure pathways, where appropriate. Risk estimates will be compared to USEPA’s 
target risk range of 1 x 10” to 1 x lo”, which is considered to be generally acceptable at most 
sites. 

5.5.1.5 Uncertainties 

Uncertainty in risk assessment may arise from many sources, including: 

l Environmental sampling and analysis. 

l Use of standardized input parameters or professional judgment in the exposure 
assessment. 

l Lack of available toxicological indices and uncertainty in deriving RfDs and CSFs. 

l Assumptions of additivity in the risk characterization. 

l Comparison to naturally occurring or background levels. 

The uncertainty analysis will assess non-site and site-specific factors that may produce 
uncertainty in the risk assessment. 

The use of Monte Carlo analysis will be conducted for carcinogenic risks which only slightly 
exceed the upper end of USEPA’s target risk range and noncarcinogenic hazards which 
slightly exceed 1.0. The use of Monte Carlo analysis will provide USEPA and State decision 
makers with information pertaining to the conservatism associated with the use of the 
Reasonable Maximum Exposure (RME) to describe site specific conditions. USEPA Region III 
publications (February 1994) will be used as guidance in the performance of the quantitative 
evaluation of uncertainty. 

5.5.2 RI Baseline Ecological Risk Assessment 
This section documents the technical approach to the ERA. The approach outlined below 
addresses both the screening ERA (Steps 1 and 2 of the ERA process) and the baseline ERA 
(Steps 3 through 8 of the ERA process). A baseline ERA will be conducted at an individual site 
only if the results of the screening ERA warrant (US Navy 1999). 

5.5.2.1 Screening ERA 

The screening ERA will include site descriptions, nature and extent of contamination, 
contaminant fate and transport mechanisms, mechanisms of toxicity, exposure pathway 
evaluation, preliminary conceptual model (including endpoints and potential receptors), 
exposure estimates (food chain), and screening-level risk calculations. A discussion of the 
uncertainties associated with the screening ERA will also be included in the screening ERA 
report as will site-specific conclusions based on the results of the screening ERA. 
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General Obiectives of the Screeninq ERA 

The general objectives of the screening ERA are: 

l To screen individual sites to determine if additional ecological risk assessment is 
warranted (beyond Steps 1 and 2 of the USEPA ERA guidance) or to eliminate 
specific sites from further consideration. 

. To screen the receptors, media, and chemicals at individual sites to determine if 
additional evaluation is warranted or to eliminate them from further consideration. 

l To identify any data gaps that may require the collection of additional data. 

General Methodoloqv for the Screeninq ERA 

The proposed approach to achieve these objectives is as follows: 

l Individual sites will be evaluated in separate screening ERA documents which will 
be performed concurrently. The screening ERAS for individual sites will be 
consolidated for reporting purposes; any additional data collection deemed 
necessary will also be coordinated among sites as appropriate. However, 
individual sites may follow different schedules after completion of the screening 
ERA as appropriate to the results and recommendations of each screening EiRA and 
the resulting risk management decisions. 

l Data to be evaluated in the site assessments will be site-specific and based upon the 
conceptual site model developed for each specific site. Fate and transport of 
contaminants will be considered in the conceptual site model, as necessary for the 
appropriate site-specific media. Preliminary sampling results may indicate the 
need to revise the conceptual site model to evaluate additional downgradient 
contaminant migration and/or contaminant concentration trend analysis. 

l Sites may be considered collectively in later stages of the assessment if they are 
sources to similar downgradient areas. This will be decided on a case-by-ca.se basis. 

l The data table will include reporting limit range, frequency of detection, maximum 
contaminant detected, sample ID of maximum concentration detected, arithmetic 
mean, standard deviation, screening values, frequency of exceedance, and 
maximum hazard quotient. This table will be formatted similar to the tables 
developed for the Tier II Ecological Workshop. 

Media and Existinq Analvtical Data Considered in the Screeninq ERA 

The media and analytical data to be considered in the screening ERA are described in tihe 
following subsections. 

Media 

l The media to be included in the assessment are surface soil (0 - 6 inches), 
groundwater, surface water, and surface sediment. 

Analvtical Data 

l Analytical data are expected to be available for each site and all of the media noted 
above. TCL / TAL metals data will be available for all environmental samples. 
Dioxin data is also available for representative samples collected in areas where 
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burning activities occurred historically. All of this data will be used in the 
screening ERA. 

l All data to be used in the screening ERA are validated. Where warranted, 
unvalidated data may be considered on a qualitative basis. 

l In general, only data from the remedial investigation sampling conducted at a site 
for each chemical group will be considered. For groundwater and surface water, 
samples from the most recent one-year period will be considered to account for 
potential seasonal variation. Data from geoprobe sampling and temporary 
groundwater wells will not be considered. 

l Surface soil or sediment data collected prior to any major physical disturbance 
(such as capping or dredging) will not be used in the screening ERA. 

l For surface soil, samples collected from depths up to 6 inches will be used 
preferentially. Data from deeper depths (e.g., 0 to 12 inches) will be considered if 
surface soil data are limited. 

l For sediment, samples from depths of 0 to 6 inches are preferred. Samples from 
depths of 0 to 12 inches will be considered if shallower data are unavailable or 
limited. 

l For surface water and groundwater, total (unfiltered) metal concentrations will be 
used during the initial screening. 

l The rationale for selecting the specific samples used in the assessment of each site 
will be provided. The locations of the selected samples will be shown on figures 
included in the draft screening ERA report. 

l Data gaps will be identified on a site-by-site basis and additional data collection 
activities will be proposed where data gaps exist. 

Step 1 Screenina Values 

The screening values proposed for use in Step 1 of the screening ERA are described below. 

l Medium-specific screening values will be used during Step 1 of the screening ERA 
based on the following hierarchy: 

- LANTOPS Alternate Screening Values developed as part of the Norfolk Naval 
Ship Yard (NNSY) assessment, as tentatively approved by the EPA Region III 
BTAG, will be used as part of the screening ERA. BTAG approval of these 
values will be confirmed prior to their use. 

- LANTOPS Alternate Screening Values developed for this assessment as 
replacements for a specific BTAG Region III Screening Level or for chemicals 
for which BTAG Region III Screening Levels are unavailable. The rationale for 
the use of the alternate screening values will be provided. 

- BTAG Region III Screening Levels will be considered where available for 
specific media and analytes. 
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l If available prior to the beginning of the screening ERA, the revised set of BTAG 
Screening Levels (currently under development by USEPA) will be considered for 
use. 

l All screening values that differ from Region III BTAG Screening Levels and which 
have not been previously approved by the regulators will be submitted (along with 
the rationale for their use) to the regulators for concurrence prior to their use in the 
screening ERA. 

l Screening values will be adjusted, where appropriate, based on modifying factors 
such as hardness or total organic carbon. 

l Where appropriate, total undiluted groundwater concentrations in perimeter wells 
will be compared to surface water screening values to provide a conservative 
assessment; the surface water screening values to be used (freshwater or marine) 
will be matched to the type of water body to which the groundwater would likely 
discharge to. Dilution factors and dissolved concentrations (for metals) may be 
considered in subsequent steps of the ERA to provide a more realistic estim(ate of 
exposure. 

Step 2 (Food Chain Model) Considerations 

l Not all detected chemicals will be evaluated in Step 2 of the ERA (food chain 
exposures). Only chemicals which exceeded the Step 1 screening values will be 
evaluated in this step. A separate technical memo will be provided out1inin.g this 
“Step 2” list of chemicals and the rationale for its derivation. 

l Exposure estimates for Step 2 (food chain) will be based on conservative 
bioaccumulation factors developed from the literature. A default factor of 1.0 will 
be used when data are unavailable for a chemical in the literature. 

l The receptor species used in the screening ERA will be selected to represent only 
complete exposure pathways identified in the conceptual model. No effort -will be 
made to evaluate all possible pathways. 

l Only conservative assumptions will be used (i.e., area use factor of one, maximum 
ingestion rate, minimum body weight, maximum media concentration). 

Results of the Screeninq Process 

The results of the screening ERA will be used to evaluate the status of each individual site in 
terms of potential ecological risk. Following the screening ERA, possible decision points are 
(1) no further action is warranted; (2) further action is warranted; (3) further data are resquired; 
or (4) take remedial action. These possible decision points are described in more detail below. 

l No further action is warranted. This decision is appropriate if the screening ERA 
indicates that sufficient data are available on which to base a conclusion of no 
unacceptable risk. 

l Further evaluation is warranted. This decision is appropriate if the screening ERA 
indicates that there is the potential for unacceptable risks for some pathways, 
receptors, and chemicals. In this instance, the ERA would progress to Step 3 
wherein the risk estimates would be refined based on more realistic and site- 
specific assumptions and data. 
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l Further data are required. This decision is appropriate if the screening ERA 
indicates that there are insufficient data on which to base a risk estimate. This 
decision may also be appropriate if the potential for unacceptable risks is identified 
following the screening ERA and additional data to refine these estimates (e.g., 
additional analytical data, measures of bioavailability, etc.) are needed for Step 3. 

l Take remedial action. This decision may be appropriate for sites in which the 
potential for unacceptable risks was identified following the screening ERA but 
these potential risks could best be addressed through remedial action (e.g., 
presumptive remedy, soil removal) rather than additional study. 

Recommendations pertaining to these possible decisions will be made for each site as part of 
the draft screening ERA report. 

5.5.2.2 Baseline ERA 

If the results of the screening ERA suggest that further ecological risk evaluation or data 
collection is warranted for a particular site, the ERA process would proceed to the baseline 
ERA which is a more detailed phase of the ERA process (Steps 3 through 8). 

General Methodoloqy for the Baseline ERA 

The first activity of the Baseline ERA is the refinement of the risk estimates from the screening 
ERA (Step 3a). Potential risk estimates will be refined using a focused conceptual model based 
on more realistic and site-specific exposure assumptions, site-specific data, and/or detailed 
literature review. The focused conceptual model will include refined assessment endpoints, 
exposure pathways, and risk questions or hypotheses. The Step 3a evaluation may also 
include considerations of background and sample detection frequency. At the conclusion of 
Step 3a, data are evaluated for each assessment endpoint to determine if the uncertainties 
associated with the refined risk estimates for the site are acceptable to proceed to risk 
characterization (Step 7) or whether the uncertainties are unacceptable and require site-specific 
studies (Steps 4 through 6). 

The specific actions that would need to be taken to continue the development of the baseline 
ERA based on the refined risk estimate will not be known until the completion of the refined 
assessment. If it is decided that site-specific studies are required, these studies will be 
identified during the completion of Step 3 (Step 3b), the project planning and study design / 
verification phase of the Baseline ERA. During this phase the required elements of Steps 4 
through 6 will be developed. 

Step 7 (Risk Analysis, Characterization, and Conclusions) consists of the documentation and 
synthesis of the information and data identified in Steps 1 through 6. In this step, risk is 
evaluated and characterized using both quantitative and qualitative methods. Conclusions are 
made on whether or not there is a reasonable potential for unacceptable ecological risk at the 
site, and if there is a potential for ecological risk, the magnitude of that risk. 

Results of the Baseline ERA Process 

Possible decision points based on the results of the baseline ERA are evaluated in Step 8 of the 
process and involve risk management decisions. Possible decision points include: 

l No further action is warranted. This decision is appropriate if the baseline ERA indicates 
that there is no reasonable potential for unacceptable ecological risk within acceptable 
uncertainty. 
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l Evaluate the need for remedial action. This decision is appropriate if the baseline ERA 
indicates that there is a reasonable likelihood for unacceptable ecological risks within 
acceptable uncertainty. Whether or not remedial actions are taken will depend upon a 
number of risk management factors such as the results of any human health risk 
assessments and the potential impact of the remedial action itself on the habitats and biota 
present on the site. 

Recommendations pertaining to these possible decision points will be made for each site as 
part of the draft baseline ERA report for those sites for which a baseline ERA is warranted. 

5.6 Task 6: RI Report 
RI reports will be prepared for each site or group of sites as deemed necessary. The RI reports 
will include, as appropriate, site maps with sampling locations, boring logs, cross sections, 
validated analytical data, and figures that depict the extent of soil and groundwater 
contamination. The reports will document recommendations and supporting information to 
justify the recommendations. The information collected and presented in the RI reports will be 
used to prepare FS documents. RI reports will include the following sections: 

. 

0 

. 

l 

0 

l 

0 

0 

. 

. 

Executive Summary 
Introduction and Site Background 
Geology and hydrogeology 
RI Activities 
Sampling and Analytical Methods 
Presentation and Evaluation of Analytical Data 
Nature and Extent of Contamination 
Contaminant Fate and Transport 
Risk Assessment 
Conclusion 

56.1 Executive Summary 
The executive summary should provide a brief overview of the findings of the RI. This 
information will inform decision-makers up front of the contaminants detected at the site and 
whether contamination is moving, how fast, and in what direction. The summary will also 
discuss whether the contaminants detected are consistent with the suspected source of 
contamination. These pieces of information will help decision makers to determine how well 
the site has been characterized and whether the data are sufficient for use in the baseline risk 
assessment and feasibility studies. As such, the RI report directly feeds the baseline risk 
assessment, the feasibility study, and risk management decision-making. 

56.2 Introduction and Site Background 
The introduction will present the objectives of the RI and introduce the information to be 
found in the report. Information concerning the site background will include a brief 
description of the site’s history and a discussion of the results of previous investigations. 
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5.6.3 Geology and Hydrogeology 
This section will include a description of both regional and site-specific geology, including 
detailed discussions of the site’s soil and bedrock. Information obtained during the RI field 
activities and from previous investigations will be addressed. 

The discussion of hydrogeology will include a detailed description of the site’s aquifers. 
Aquifer test and groundwater sampling results will also be discussed. This Section will also 
include information regarding local and/or state well records (to include domestic wells). 

5.6.4 RI Activities 
This section will document, in detail, the events and activities that occur on site during the RI. 
Objectives of the investigation, investigative techniques, sampling locations, and sampling 
methods will be addressed. 

5.6.5 Sampling and Analytical Methods 
Details of the RI’s sampling program will be presented in this section. The objectives and 
rationale for the types and locations of sampling and for the analytical methods used will be 
discussed. 

5.6.6 Presentation and Evaluation of Analytical Data 
The RI analytical results will be presented in this section. An evaluation of site contamination 
will be made and discussed in detail. 

5.6.7 Nature and Extent of Contamination 
The nature and extent of contamination at the site will be discussed in this section. The 
discussion will focus on the contamination in the different types of media at the site, such as 
soil, groundwater, surface water, and sediment. Scaled maps indicating the contaminant 
concentrations in each media will be provided. 

5.6.8 Contamination Fate and Transport 
This section will combine interpretations of the geology, hydrogeology, hydrology, and nature 
and extent of contamination at the site into conceptual site models. Each conceptual model 
will provide a qualitative description of the fate and transport of various contaminants 
through the media adjacent to the site. Chemical and physical properties of contaminants will 
be discussed in addition to how these properties affect the fate and transport of the 
contaminants in soil, groundwater, surface water, and sediment. 

5.6.9 Risk Assessment 
The Risk Assessment section will consist of a Human Health Risk Assessment and an 
Ecological Risk Assessment. This section will identify the existing or potential risks to human 
health and/or the environment and, if appropriate, will include information regarding current 
and potential use of groundwater as a drinking water source (including local ordinances and 
information from local water authorities). The RI report will contain a Step 3a Ecological Risk 
Assessment. Step 3a is the refinement of the risk estimates from the screening ERA. Potential 
risk estimates will be refined using a focused conceptual model based on more realistic and 
site-specific exposure assumptions, site-specific data, and/or detailed literature review. The 
focused conceptual model will include refined assessment endpoints, exposure pathways, and 
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risk questions or hypotheses. The Step 3a evaluation may also include considerations of 
background and sample detection frequency. At the conclusion of Step 3a, data are evaluated 
for each assessment endpoint to determine if the uncertainties associated with the refined risk 
estimates for the site are acceptable to proceed to risk characterization (Step 7) or whether the 
uncertainties are unacceptable and require site-specific studies (Steps 4 through 6). If a 
baseline ERA is required, it will be conducted prior to the initiation of the Feasibility Study. 

This Risk Assessment Section will provide valuable input to the development and evaluation 
of remedial alternatives to the FS. 

Conclusion 
The conclusion section will consist of the findings of the RI and summarize the information 
discussed in the report. 

5.7 Task 7: Evaluation of Site Screening Areas 
SSAs will be addressed separately from the RI/FS sites. SSAs are newly discovered areas at 
which little or no information is currently available regarding potential media contamination. 
Each SSA will undergo the Site Screening Process (SSP) including the collection of environ- 
mental media samples to be documented in the site-specific addenda to the Master WI’. 
Sections 4.1 through 4.3 of this document present the general information pertaining to field 
activities that may be performed. The results of the screening evaluation will identify the area 
as 1) requiring additional investigation, at which time the SSA will become an RI/FS site,or 2) 
requiring no further study/remediation, or 3) requiring a limited removal action with no 
further investigation. 

Data collected from investigative efforts will be analyzed and validated using NFESC 
guidelines. Validated data will be entered into a relational database and queried according to 
media. The maximum concentration detected for each constituent in each media sampled will 
be used to perform the risk screening as a means of evaluating the potential risks to human 
health and the environment. 

5.7.1 Human Health Risk Screening 
The risk screening includes an evaluation of available analytical data and the selection ‘of 
COPCS. 

The maximum concentration detected in each media will be screened to determine the COPC. 
Screening criteria in USEPA Region III, Selecting Exposure Routes and Contaminants of 
Concern by Risk-Based Screening, EPA/903/R-93-001, January 1993, and USEPA Risk 
Assessment Guidance for Superfund, Vol. 1, Part A, 1989, will be used to select the COPC. The 
criteria that will be used for COPC selection are presented below: 

l Comparison with Health-based Criteria: The maximum detected chemical concentrations 
will be compared with risk-based concentrations (RBCs) developed in accordance with 
USEPA Region III guidance (USEPA Region III, Selecting Exposure Routes and 
Contaminants of Concern by Risk-Based Screening, EPA/903/R-93-001, January 1993). 
The RBCs will be based on a target hazard index of 0.1 and a target cancer risk of 1x10-6. 
For soils, saturation concentrations will be calculated and used as the screening value if 
they are smaller than the RBCs. Chemicals with maximum detected concentrations below 
the RBC or soil saturation values will not be considered COPC. 

FINALSJCMPP~OOO.DOC 5-19 



INVESTIGATION TASKS- MASTER PROJECT PLAN 

l Frequency of Detection: Contaminants that are detected in less than five percent of the 
samples in a given medium where at least 20 samples have been collected will not be 
considered COPC. 

l Comparison with Background Samples: Constituents present at or below background 
concentrations will not be selected as COPC. The maximum detected concentration will be 
compared to the 95 percent upper confidence limit (95% UCL) of background data set. If 
the 95% UCL of the background data set is greater than the maximum background 
concentration, the maximum concentration will be used for the comparison. 

l Blank Contamination: Common laboratory contaminants that are detected in site samples 
will only be selected as COPC if their concentration exceeds ten times the maximum 
concentration in any blank. Constituents that are not common laboratory contaminants 
that are detected in site samples will only be considered detected and selected as COPC if 
their concentration exceeds five times the amount detected in any blank. COPC found in 
blank samples will be considered in the Risk Assessment, as long as the contaminants are 
associated with past site activities or the suspected source of contamination. 

l Comparison with Recommended Dietary Allowances (RDAs): Chemicals which are 
human nutrients, present at low concentrations (i.e., only slightly elevated above naturally 
occurring levels), and toxic only at very high doses will be eliminated from the quantitative 
risk analysis. 

l Tentatively Identified Compounds: When only a few tentatively identified compounds 
(TICS) are present compared to the target analyte list and target compound list chemicals, 
and no site information indicates that either a particular TIC may be present at the site or 
that the estimated concentration may be very high, then TICS will not be included in the 
risk assessment. The rationale for excluding TICS will be included in the risk assessment 
document. 

Constituents that exceed the screen and are selected as COPCs will require additional 
evaluation. 

57.2 Ecological Risk Screening 
The overall purpose of an ecological risk assessment is to evaluate the likelihood that adverse 
ecological effects would occur or are occurring as a result of exposure to one or more physical 
or chemical stressors. This assessment evaluates the potential effects of contaminants on 
sensitive or critical habitats or environments and protected species. The assessment employs a 
phased approach to determine potential adverse effects of contamination on the terrestrial and 
aquatic receptors (e.g., flora and fauna) on or adjacent to each site at St. Juliens Creek. Phase I 
consists of a comparison of analytical results for soils, surface water, or sediments to available 
ecological standards or criteria. The Phase I approach is intended to provide an evaluation of 
the potential ecological effects associated with site contamination. If contaminant 
concentrations in environmental media exceed appropriate standards or criteria, additional 
phases of evaluation may be necessary to fully characterize potential ecological effects at a site. 

The risk assessment methodologies will be consistent with EPA guidelines for ecological risk 
assessments. Current guidance includes the following: 

l Interim Ecological Risk Assessment Guidelines (USEPA III, Biological Technical Advisory 
Group 1994) 
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Framework for Ecological Risk Assessment (USEPA, 1992) 

Risk Assessment Guidance for Superfund, Volume II, Environmental Evaluation M:anual 
(USEPA, 1989a) 

Ecological Assessment of Hazardous Waste Sites: A Field and Laboratory Reference 
(USEPA, 1989b) 

Rapid Bioassessment Protocols for Use in Streams and Rivers: Benthic Macroinvertebrates 
and Fish (USEPA, 1989~) 

Screen contaminants in media at St. Juliens Creek Annex 

5.7.2.1 Hazard Screening 

The selection of chemical stressors or COPCs is based on frequency of detection, background 
comparison, calculation of environmental effects quotients, persistence of the contaminant, 
bioaccumulation potential, and the toxicity of the contaminant. Because of the differential 
toxicity of some contaminants to ecological verses human receptors, the COPCs for ecological 
receptors may differ from those selected for the human health risk assessment. Physical 
stressors including temperature and hydrologic changes and habitat alteration will also be 
taken into consideration. 

Maximum detected concentrations in each media will be screened to determine the COPC. 
The screening process will use criteria provided in EPA III’s screening level guidance. This 
process uses a determination of environmental effects quotients (EEQs) for screening. EEQs 
are determined by dividing the criteria into the concentration for that contaminant. Where 
values exceed 1.0, a potential for risk exists. The higher the EEQ the greater the potential for 
risk. In addition to the criteria, comparisons can be made with background data from non- 
impacted areas near the site being evaluated. To evaluate COPCs during the screening phase, 
the frequency of detection also will be evaluated. If contaminants are detected in less than 5 
percent of the samples for that medium, where at least 20 samples were collected, the 
contaminants will not be considered as COPCs. 
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SECTION 6.0 

Feasibility Study Tasks 

At the conclusion of the RI and BRA, an FS will be conducted in accordance with CERCLA, as 
amended by SARA. Many of the provisions under CERCLA having the greatest impact on the 
R.L/FS process are contained in Section 121 (Cleanup Standards and State Involvement), 
Section 104 (Response Authorities), Section 117 (Public Participation), Section 110 (Worker 
Protection Standards), and Section 113 (Civil Proceedings). 

Background information and data gathered during the RI will be used to evaluate various 
remedial alternatives. The alternatives that provide the most appropriate, cost-effective 
solutions for site remediation will then be identified. In accordance with CERCLA, remedial 
alternatives that reduce the toxicity, mobility, or volume of wastes and contaminated materials 
will be emphasized. 

The FS report documents the analyses and evaluations used to develop remedial action 
alternatives for a site. The information presented in the FS report will be used to select a cost- 
effective remedial alternative that complies with the requirements of the NCP. The NClP states 
that a remedy is cost effective if its costs are proportional al to its overall effectiveness [40 CFR 
300.430(e)]. The FS Report will include the following information. 

Introduction 
The first section of a FS report includes information on the purpose and organization of the 
report. The FS report is not intended to be a design document; rather, it gives a conceptual 
overview of remedial alternatives to evaluate their feasibility. The report discusses criteria 
used to evaluate remedial technologies and to determine the effects of implementing them. 

The introduction section will also discuss the site background, geology, hydrogeology, nature 
and extent of contamination, and human-health and environmental risk assessments for the 
site. 

Remedial Action Objectives and Technology 
Screening 

This section will present general and site-specific remedial. action objectives (RAOs) and 
identify corresponding ARARs for the site. 

General RAOs are defined by the NCP and CERCLA (as amended by SARA), which are 
applicable to all Superfund sites. CERCLA defines the statutory requirements for developing 
remedies. 

Site-specific RAOs relate to specific contaminated media and to potential exposure routes. 
Site-specific objectives, which require an understanding of the contaminants and the physical 
properties in the respective media, are based on an evaluation of the risks to public health and 
to the environment and the ARARs. The future protection of environmental resources and the 
means of minimizing long-term disruption of existing facility operations are also considered. 
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Cleanup goals are established using the results of the baseline risk assessment and established 
standards or guidelines. The first step in setting cleanup goals is to establish preliminary 
remediation goals (PRGs) for each media. PRGs are established from RBCs identified in the 
baseline risk assessment and from frequently used standards (chemical-specific ARARs). 

Development and Screening of Remedial Action 
Alternatives 

In the following section, general response actions are developed to address the RAOs 
established in the previous section. General response actions are broad classes of responses or 
remedies developed to meet site specific RAOs. Potential remedial technologies and specific 
process options are then identified for each response action. 

Remedial technologies are the general categories of technologies such as chemical treatment, 
thermal destruction, or immobilization. Process options are specific process within each 
technology type. For example, the chemical treatment remedial technology would include 
such process options as precipitation, ion exchange, and oxidation/reduction. 

Technologies and process options that potentially apply are screened initially based on their 
suitability for specific site characteristics. Site characteristics that generally influence initial 
screening are the contaminant types, quantities, and concentrations, the physical site 
conditions. 

The remedial technologies that are best suited for further consideration are defined in this 
section of the FS. Innovative technologies will be considered in accordance with the 
requirements of CERCLA. Based on information obtained in the RI, the screening process 
eliminates technologies that are not feasible. Technologies that are difficult to implement or 
have severe limitations that would prevent achievement of remedial objectives are considered 
not feasible. The technologies are evaluated according to their effectiveness and 
implementability in relation to site and waste characteristics. The costs of implementing a 
particular technology is considered on relative and qualitative bases. Based on these 
considerations, a recommendation is made to retain or eliminate the technology from further 
consideration. 

Technologies retained for further consideration in the screening stage are combined to form a 
range of remedial alternatives. According to CERCLA, the following alternatives should be 
developed to the extent practicable: 

l A number of treatment alternatives, ranging from one that would eliminate or minimize, to 
the extent feasible, the need for long-term management including monitoring, to one that 
would use, as a primary component of the alternative, treatment to address the principal 
threats. 

l One or more alternatives that involve containment of waste with little or no treatment, but 
protect human health and the environment by preventing potential exposure and/or 
reducing mobility of contaminants. 

l A no action alternative. 

Depending on the number of alternatives developed, additional screening may take place 
based on each alternative’s effectiveness, implementability, and cost. 
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Many alternatives often meet several, but not all, of the necessary criteria. For example, an 
alternative may be very effective and implementable, but too expensive, while another may be 
economical to implement, but not sufficiently effective. Some identified remedial options may 
have merit, but cannot be effectively screened until site-specific bench or pilot treatability tests 
are conducted. Where a particular option clearly fails one of the criteria (i.e., effectiven.ess, 
implementability or cost), it will be eliminated. Alternatives that appear to have merit are 
retairqd for further consideration. 

Detailed Analysis of Alternatives 
Additional data from site characterization and/or treatability testing are then used to further 
define and perform a detailed analysis of alternatives. The detailed analysis of alternatives is 
performed to provide decision-makers with sufficient information for selecting the optimum 
alternative for each site. The analysis involves assessment of each alternative with respect to 
the nine evaluation criteria as identified in CERCLA. These are: 

Short-term effectiveness 
Long-term effectiveness and permanence 
Reduction of toxicity, mobility or volume 
Implementability 
cost 
Compliance with ARARs 
Overall protection of human health and the environment 
Regulatory agency acceptance 
Community acceptance. 

Once the site-wide alternatives have been subjected to a detailed analysis, they are 
summarized and compared to the evaluation criteria listed above. From this comparative 
analysis the relative advantages and disadvantages of each alternative are discussed. 
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NAVAL BASE NORFOLK PARTNERsHlp 
KU-MAN EIEGTH RISK ASSESS~NT 

CONSENSUS AGREEMENT #&A 

TOPIC: Methodology Used for the Id&cation of Chemicals of Potential Concem 

SUMMAIQY AND BASIS OF AGREEMXNT: 

‘Ihc &&i~&m 0f-d OfPotential Concern (COPCS) is the first componen& following data Icvaiuation, 
in all human health risk assessments. For sites at Naval Base Norfolk, COPC selection shall be completed 
separately for each cmiromtal ~IC&IUZ and area of MIXUX (if applicable) wing analytical dar2 obtained 
during saqiing and a&yiticaI investigations. The anaiyticd data to be used to select COP& in risk 
assessments for Naval Base Norfolk will always undergo formal third party data validation in accordance with 
the most recent publications ofUSEPA’s National Functional GuideIines, in order to determine data quality and 
usability. 

Prior to continuing ,mmna&&n and discussions of the basis of this agreement, it should be noted Eere that the 
acmnym COPC should not be confused with the acronym COC (which will appear later in text). The former is 
an acronyx~ for the term used in Naval Base Norfolk risk assessments; the latter acronym is used in discussing 
USEPA Region LILestablished COC (contaminants of wn=m) s crecning ieveis, which is used (as a COPC 
selection criterion in Naval Base Norfolk risk assessments. USEPA Region III COC screening values will be ’ 
discussed in later tan 

The ~iogy I.E.& to identify COPCs for sites at Naval Base Norfolk, which is not completely described in 
a&able rcgulatq guidance documents, is discussed in this consensus agreement as a hierarcha.l application 
qmcrn of s&&on criteria, i.e., a system wnsisting of di&nc& hierarchal levels of selection criteria designated 
as (& or& &k&can&: Primary Crireria, Secondary Criteria and Re-Inclusion Criteria. The application 
of ail appropriate criteria will always be agreed upon, prior to the com~~~~ement of any risk assessnxn~ among 
the Tier 1 members of the Norfolk Naval Base partnership and invoived parties of risk asswsmentkoxicoiogy 
persomei. The conscasus agreements in this series describes the agreed-upon COPC identification methodology 
that has been adopted for sites at the Naval Base. The frost of these agreements desqibes this COPC 
identification methodology in terms of the hierarchal leveis of sdection criteria. It should be noted that this 
methodology applies only to individuai chemical wnsti!uenu, and does not apply to .the evaluation o.f paramems 
such as TPH, TOC, TOX, etc. Adopted approaches and procedures to be followed in all human health risk 
assessmenK for sptda related to this overall topic, which warrant further individual consideration, 
are presented in the following sub-agreements: 

e Consensus Agreement #6.A. 1: Hierarchy of COPC SeIection Criteria 

@ Consensus Agreement #6.A.2: Derivation of Updated Region III Risk-Based COC Screening 
Values . 

l Consensus Agreement s6.A.3 : Application of Residential versus industrial Region III Risk-Based 
soil cot s creening values 

l Consensus AgreemAt #6.A.4: Dexivation of Human Health Risk-Based COPC Seicction Cxiteria 
for Chemicals Detected in Sediment Samples . 



NAVAL BASE NORFOLK PARTNERSHlP 
HUMAN HEALTH EUSK ASSESSMENT 

CONSENSUS AGREEMENT fl6.A.l 

TOPIC: Hierarchy of Chemicais of Potential Concern (COPC) Selection Criteria 

SUMMARY AND BASIS OF AGREEMENT: 

A hierarchal application system of selection criteria, i.e., a system consisting of distinct, hierarchal Ieveis of 
selection criteria &+atcci as (in ordu of s@ibmce}: Primary Crireria. Secondary Crireria and Re-lnchsron 
Crirena is the first COPC identification methodology. As previousiy noted in consensus agreement #6.A, this 
methodology applies oniy to individual chemical constituents, and does not appiy to the evaluation of parameters 
such as TPH, TOC, TOX, etc. 

Primary Selection Criteria: 

Since Naval Base Norfolk is located in the Cornmonweaith of Virginia, ail environmental investigations and 
activities are conducted in accordance with guidance established by USEPA Region III (Region III) and the 
Commonwealth of Viiginia Depamnent of Environmental Quality (VADEQ). Therefore, the primaq se&ion 
criteria to be used for identifying COPCs in environmental media being investigated at sites at Naval Base 
Norfolk will be the comparative analyses described in the following technical guidance, and updates, established 
by Region III: Seiectine Exoosure Routes and Contaminants of Concern. bv Risk-Based Screening ISCCRBS), 
dared January 1993. Tbis guidance document, which also s-es as the accepted guidance recommended by 
VADEQ, establishes the primary COPC selection criteria as a direct comparison of maximum site-measured 
conmuations with Region III-derived risk-based COC (con taminants of concern) screening levels. Region III 
COC screening levels have been established for soil, tap water, ambient air, and fish consumption, and must be 
updated periodically to reflect the on-going changes in USEPA’s toxicological database. The derivauon of 
updated COC screening concentrations, which is not described in current Region III guidance, is discussed in 
Consensus Agreement No. 6.A.2. Other ptiary seiection criteria have been designated for surface water and 
sediment media as discussed later in this agreement. At least one cxccedence of a primary comparison criterion 
by a site-measured chemical concentration will result in the identification of that chemical as a COPC for that 
environmental medium. 

Region III COC screening vaiues have been established to be health protective against both direct and indirect 
contact exposures to contaminated environmental media. At a minimum, it is agreed that ail human health risk 
assessmenLs conducted for sites at Naval Base Norfolk will consider direct contact exposures to environmental 
media on concern. When identifying COPCs based on direst contact exposures, it is agreed that the Region III 
COC screening values derived for soil, tap water, (regardless of cktssifkation), ambient air, and fish wiI1 be 
compared to site-measured concentrations in the manner descrined in the following items. 

l Region III soil COC s crecning values established for industrial and/or residential land use will be 
ccanpared to surface and subsurface soil data (please refer to Consensus Agreement No. 6.A.3 for 
use of the most appropriate values based on land use considerations). 

l Region III COC screening vaiues established for tap wat& WilI be appiied to the selection of 
groundwater COPCs, regardless of groundwater depth or classification. 



NAVAL BASE NOWOLK PARTNERSHIP 
ECUMAN HEALTH RISK ASSESSMENT 

CONSENSUS AGREEMENT #&A.1 
(Cmrirtued) 

site-s@fic modifications to numerical water quality standards (WQSs). These 
regulations might be considered as an alternative to using the non-site-specific, 
estabiished WQSs; however, the procedures for any dernonsuation for a site-specific 
WQS are restricted to a reevaluation of the bioconcenrration or bioaccumuiation 
properties of the pollutant. 

. If the established Federal and State human health AWQCs and WQSs are used, the 
absence of an established numerical value for any constituent can be addressed by the 
derivation of a value by the risk assessor. However the new value must be derived 
using the same equations and exposure assumption used to derive the published values. 

l Htunan health risk-based sediment screening criteria, derived specifically for NorPolk Naval Base. 
by the risk assessor, using the agreed-upon equations and exposure assumptions discussed in 
Consensus Agreement No. 6.A.4, will be compared directly to site-measured sediment 
concentrations. 

Region III has also estabhshed risk-based concentradons, referred to as soil screening ievels (SSLs). that consider 
indirect contact exposures to soil via air and groundwater. The Region III derivations of the:se criteria are 
currently based’on the foIIowingUSEPA proposed documen t: Soil Screenine Guidance. December 1994. Offxce 
of Solid Waste and Emergency Response (available from the NTIS as document numbers 9355.4-1, PB95- 
9655 30, or EPA540/R.-94/105). Recently, a 1996 version of this document has been released; however. it is 
agreed that the most recent versions of this document will always serve as the basis for the Region III SSLs to 
be used in risk assessments conducted for sites at Naval Base Norfolk. The SSLs are risk-based values that are 
derived using the same exposure assumptions as COC screening values, plus additional assumptions necessary 
for inter-media extrapolation. Although SSLs may be more applicable to the Feasibility Study (FS) process. as 
well as fate and transport assessments, they may be applied to the risk assessment process when indirect 
exposures to soil via air and groundwater exposure pathways are being considered. The SSLs will be compared 
to site-measured soil concatrations in the following manner (regardiess of residential or indusniai land use): 

l SSLs protective of transfers from soil to air will be compared to site-measureid surface soil 
concentrations in all human health risk assessments, since the inhalation of fugitive dusts emanating 
hm soil is considered in vimtally all risk assessments, provided there is little to no vegative cover 

or pavement. SSLs protective of transfers from soil to air will be compared to subsurface soil 
.conccntrations when a future excavation scexario is being evaiuakd in the risk assessment. 

l SSLs protective of transfers from soil to groundwater will be compared to site-measured surface 
and/or subsurface soil concentrations, provided the measured depths to groundwatcr indicate that 
the groundwater is close to the ground surface (i.e., shallow), and/or soil-to-groundwater modeling 
is being done as part of the risk assessment. SSLs protective of transfexz from soil to groundwater 
will be compared to site-measured subsurface soil concentrations only (and not surface soil 
cxmccmtratiom) when the xxmsumd depths to groundwater indicate that the groundwa.ter is far below 
the ground surface (i.e., deep). 



NAVAL BASE NORFOLK PARTNERSHIP 
HIJMAN ECEALTEL RISK ASSESSMENT 

CONSENSUS AGREEMENT #&A.1 
(Continued) 

l A site-re1ate.d toxic clxmicai that persists in the environment and exhibits the tendency to 
bioamdate till be fur&r considered for re-inciusion as a COPC in the risk assessment. 

SIGNATORIES TO THE AGREEtiNT: 

the undersigned have reached the above agreement on this 7th day of August 1997. 

- 
6, 
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NAVAL BASE NORFOLK PARTNERSHIP 
HUMAN HEALTH RISK ASSESSMEIG’T 

CONSENSUS AGREEMENT #%.A3 

TOPIC: Application of R&de&d versus Industrial Region III Risk-Based Soil COC Screening Values 

SUMMARY AND BASIS OF AGREEMENT: 

sina risk-based sois cot scrccnin g values have been established by Region III for the proteczion of potentiaii~ 
-OS& pop&tiom m&r both &den&d and industrial land use situations, the COPC seiection process in a 
&-specific xi& assessment &xdd consider and incorporate the knowiedgc of land use, both at the site being 
enbred, as weti as in d-x vicinify of that site. Therefore, it is agreed upon that prior to the commenccmcnt of 
thehumanheairhriskassessmen 5 the Tier 1 members of the Norfoilc Naval Base partnership and invoived parties 
of risk tisessment/toxicoiogy personnel will reach an understanding of current and future iand use patterns at 
both the site, ami in areas immediately surrounding the site. This understanding will be reached under the terms 
of Consems Agreement No. 6.8: Cuncnt and Future Land Use of Sites at Naval Base Norfolk. Upon reaching 
this agree&upon understanding of land use (we11 in advance of the commencement Of the tis$ assessment), the 
aforementioned parties will then decide upon the appropriate use (or non-use) of the Regron III risk-based 
residential versus industrial soil COC screening vaiues as primary, site-specific selection criteria in the 
identification of soil (surface and/or subsurface) COPCs. The fol.lcn;ving items will serve as a basis in the process 
of deciding the appropriate use of residential versus industrial soil COC screening values in a site-specific risk 
assessment 

l Only residential soil COC values will be compared to site-measured soil concentrations if certainty 
ez&ts that thz future land use of the site will be residential, regardless of the known current and 
future iand use of the surrounding areas. 

l Only industri~ soil COC values will be compared to site-measured soil concentrations if certainty 
exists that the current and future Iand use of the site and surrounding areas is industrial/commercial. 

l Both residential and industrial soil COC values will be compared to site-measured soil 
concentrations if the current and/or future land use is understood to be described as anything other 
than the fint two items presented above, or, if there is uncertainty with regard to fiuturc land use of 
the site and surrounding areas, even though the current land use is known. In these: situations, ev 
though both the residential and indusrrial soil COC vaiues are compared to site-measured 

6 
il 

comxntrations, the former are more health conservative than the iatter, and wilI therefore, actual y 
deter&z the soil COPCs to be evaluated in the human health risk assessment. It should be noted 
though that in this situation, even though both sets of soil COC values are utilized, risks will only 
be estimamd for COPCs identified based on comparisons with the residential vdiues. 

SIGNATORIES TO THE AGREEMENT: 

e the undersigned have reached the 

% 

abov 

dT&;2- 



NAVAL BASE NORFOLK PARTNERSHIP 
EWMAN EKEIALTa RISK ASSESSMENT 

CONSENSUS AGREEMENT #&A.4 

SIGNATORIES TO THE AGREEMENT: 

We the undersigned have reached the above agreement on this 7th day of August 1997. 



NAVAL BASE NORFOLK PARTNERS= 
EKUMAN EU%A.LTH RISK ASSESSMENT 

CONSENSUS AGREEMENT fi6.A.6 

TOPXC: Evaltion of Lead as a COPC in Soil, Groundxvater and Sediment 

SUMMARY AND BASIS OF AGREEMENT: 

Cdy, no risk-based COC screening values are estabiished or can be estabiished for comparison ~4th lead 
40~s dctec& in soiI, groundwater and sedimer& due to the inavailability of applicabie toxicity criteria 
(i.e., cancer slope fhctors and reference dosts). Therefore, until the establishment of such titer& it is agrcd that 
he following will seme as primary COPC selection criteria for lead in those media: 

l Groundwater - USEPA’s drinking water action level of 15 &L 

l Soil and sediment - USEPA’s residential soi criterion of 400 mg/kg. 
- - 

Also, until the establishment ofUSEPA-approved toxicity criteria the identification of lead as P COPC will result 
in the evaluation of the potential for the occurrence of adverse health effects in exposed individuais by use of the 
most recent version of USEPA’s Lead Bio-Uptake Model (please refer to Consensus Agreement No. 6.G: &isJ 
Characterization Issues). 

SIGNA.TORIES TO THE AGREEMENT: 

We the undersigned have reached the above agreement on this 7th day of August 1997. 
. 



NAVAL BASE NORFOX PAR~RSHIf 
HUM&N HEALTH RISK ASSESSMEhT 

CONSENSUS AGREEMENT #6-B 

.@,.ny &&ions reached pc&a; to tim land use are predicated on Naval Bas: assuranct 
through appropriaxc poiicies and guidance pmvideti to the Parmenixip thar land-use partems 10 
which sites wil.l be rcxn&ated mt be altered without review of the furure procecriveness of the 
newiy dcsignatcd land use by the Naval Base and the reguiarors (uSEPA Region 4 the VADEQ 
a& other appmpxiaxe qcncics). When sires are assessed for or rcmediazed to concentrations that 
are protective of individuais under any land USC scenario other than unrckcted use (i.e., 
residential use), and the Naval Base proposcs a change in land use at thar site, or property adjaant 
to that site, the Naval Base will ixnmediatcly not@ the rtguiators. The Naval Base wiU assess any 
proposed change in land use for pmuctivcness e the original or planned cleanup goals and 
wiII consult with the regukuors regarding such an evaluation. No change in land use wil1 be 
implemerzcd withour regulator concurrence that the original or planned remedy will remain human 
health protective, or udess the Nad Base frnt remediares sire conraminants 10 lower 
concentrations corresponding to the proposed cbgc. - - 

SIGNATORIES TO THE AGREEMENT: 

We the undersigned have reached the above a.grc=mcnt on this day of September 1997. 

. 
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Site-Specific Investigation-Derived Waste Plan Checklist 

This checklist supplements the Master IDW Plan with site-specific information. Once 
completed for a specific project, it provides necessary IDW information for each investigation. 
It is to be taken into the field with the Master IDW Plan. 

Site: 

1. IDW Media: Soil cuttings 

Well development or purge water 

Decontamination residual soil and wastewater 

PPE or disposable equipment 

Other 

2. Expected Regulatory Status: Hazardous 

Solid Waste 

unknown 

Other 

. . --. 
3. 

4. 

Site Location: 

Nature of Contaminants Expected: 

Petroleum contamination 

Polyaromatic hydrocarbon 

Pesticides 

Other 

Herbicides >p- 
PCBS 

Metals 

5. Volume of IDW Expected: Drums 

Cubic Yards 

TOILS 

Gallons 

6. Cornpositing Strategy for Sample Collection: 

7. IDW Storage 

8. 

As per Master IDW Plan 

Waste Disposal 

As per Master IDW- Plan 

Other 

Other 
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Site-Specific Quality Assurance Project Plan Checklist 

This checklist supplements the Master QAl?P with site-specific information. Once completed 
for a specific project, it provides necessary quality assurance information for each investigation. 
It is to be taken into the field with the Master QAPP. 

Site: 

1. List sampling tasks: 

2. List data quality objectives: 

3. Organization: 

L4NTDIV IR Section Head 

LANTDIV Navy Technical Representative 

USEPA Remedial Project Manager 

VDEQ Federal Facilities Project Manager 

CH2M HILL Activity Manager 

CDM Federal Project Manager 

Quality Control Senior Review 

Technical Project Manager 

Field Team Leader 

4. Table of samples with analyses to be performed and associated QC samples (attached): 

5. Analytical Quantitation Limits: 

As per Table 8-2 of Master QAPI’ Other (attached) 

6. QA/QC Acceptance Criteria (e.g., precision, accuracy) 

As per Table 4-1 of Master QAPP Other (attached) 

7. Data reduction, validation, and reporting: 

As per Setion 9 of Master QAPP Other (attached) 

8. Internal QC Procedures (field and laboratory): 

As per Section 10 of Master QAPP Other (attached) 

9. Corrective Action: 

As per Section 14 of Master QAPP Other (attached) 



10. Other deviations from Master QAPP 



Site-Specific Field Sampling plan Checklist 

This checklist supplements the Master Field Samplin, e Plan with site-specific information. Once 

completed for a specific project, it provides necessary field sampling information for each 
investigation. It is to be taken into the field with the Master FSP. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Tasks to be performed: 

Geophysical surveys 

Soil gas surveys 
Surface water and sediment 
sampling 

Surface Soil sampling 
Soil boring installation 

Subsurface soil sampling 

Monitoring well installation 
and development 

Monitoring well abandonment 

Field measurements to be taken: 

temperature 

PH 
dissolved oxygen 

turbidity 

specific conductance 

organic vapor monitoring 

geophysical parameters (list): 
electromagnetic induction 

radar ground-penetrating 

Sampling program (nomenclature, etc.): 

As per Section 3.1 of Master FSP 

Groundwater sampling 

In-situ groundwater sampling 

Aquifer testing 

Hydrogeologic measurements 

Biota sampling 

Trenching 

Land surveying 
Investigation derived waste sampling 

Decontamination 

Other 

surveying 

magnetometry 

global positioning system 

soil gas parameters (list): 

combustible gases 
water-levei measurements 

pumping rate 

other 

Other 

Map of boring and sampling locations (attach to checklist): 

Table of field samples to be collected: 

Applicable SOPS (attach to checklist) or references to specific pages in Master FSP: 

Site-specific procedures or updates to protoc& established in the Master FSP: 



Site-Specific Health and Safety Plan 

This checklist must be used in conjunction with the Master HASP. This checklist is intended 
for use by CDM Federal and CH2M HILL employees only. All CDM Federal and CHX HILL 
employees performing tasks under this checklist must read and sign both this checklist and the 
Master HASP and agree to abide by their provisions (see EMPLOYEE SIGNOFF attached to the 
checklist). 

Location(s) (reference attached map) 

This document shal1 be maintained on site with the Master Health and Safety Plan. It will 
include as attachments from the Work Plan a site map and the site characterization and 
objectives for this site. 

The procedures described in the Master Health and Safety Plan will be followed unless 
otherwise specified in this Site-Specific Health and Safety Plan. 

1. HAZWOPER-Regulated Tasks 

Test pit and excavation 

Soil boring installation 

Geoprobe boring 

Geophysical surveys 
Hand augering 

Subsurface soil sampling 

Surface soil sampling 

Soil gas surveys 
Sediment sampling 

Monitoring well/drive point 
installation 

Monitoring we11 abandonment 

Groundwater sampling 

Aquifer testing 
Hydrologic measurements 

Surface water sampling 

Biota sampling 
Investigation-derived waste (drum) 
sampling and disposal 

Observation of loading of material for 
offsite disposal 
Oversight of remediation and 
construction 

Other 

2. Hazards of Concern: (Check as many as are applicable. Refer to Section 3 of Master 
H&S Plan for control measures): 

Heat stress Back injury 

Cold stress Confined space entry 

Buried utilities, drums, tanks Trenches, excavations 

Inadequate illumination Protruding objects 

Drilling Vehicle traffic 

Heavy equipment Ladders, scaffolds 

Working near water Fire 

Flying debris Working on water 

Gas cyiinders Snakes or insects 

Noise Poison ivy, oak, sumac 

Slip, trip, or fall hazards Ticks 



Radiological Other 

3. Contaminants of Concern (List if known. Reduce Table 3.8 of the iMaster HASP to site- 
specific contaminants, add additional chemicals if necessary, and attach to this 
checklist): 

4. Personnel (List CH2M HILL field team members and 

Field team leader(s) 

Site safety coordinator(s) 

Field team members 

5. Contractors/Subcontractors 

Procedures as per Master HASP 

telephone numbers): 

Name: 

Contact: 

Telephone: 

6. Level of personal protective equipment (WE) required: 
Refer to Table 5.1 of Master HASP, SOPS, and Respiratory Protection, Section 2 of the 
Site Safety Notebook. 

7. Air monitoring instruments to be used: 

PID 

CGI 

02 

FID 

Dust monitor 

8. Decontamination procedures: 

As per Setion 7 of Master HASP 

Other 



9. List any other deviations or variations from the Master HASP: 

10. Emergency Response (Check that all names and numbers are correct on page 47 of 
Master HASP and attach corrected page to this checklist) 

11. Map to hospital (Highlight route to hospital from site and attach to this checklist) 

12. Emergency Contacts (Check that all names and numbers are correct on page 49 oi 
Master HASP and attach corrected page to this checklist) 

13. Approval. This prepared site-specific checklist must be approved Chuck Myers/CDM 
Federal or other authorized representative 

Name Title Date 

14. Employee Signoff. All CDM Federal and CH2M HILL employees working at the site 
must sign the attached Employee Signoff for the checklist as well as for the Master 
HASP. 



HASP Checklist Employee Signoff 

The employees listed below have been given a copy of this health and safety plan checklist, 
have read and understood it, and agree to abide by its provisions. 

EMPLOYEE NAME EMPLOYEE SIGNATURE AND DATE 
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Preface 

This document presents the Master Sampling and Analysis Plan (SAP) for the activilties to 
be performed at Remedial Investigation/Feasibility Study (RI/FS) sites and potentially Site 
Screening Areas (SSAs) located at St. Juliens Creek Annex to Naval Base, Norfolk (St. 
Juliens Creek Annex), Chesapeake, Virginia. This master plan (Ml?) has been developed to 
encompass the anticipated sampling and analysis activities at all RI/FS sites and SSAs, as 
defined in the Federal Facilities Agreement (FFA). The U. S. Navy Facilities Engineering 
Command, Atlantic Division (LANTDIV), in conjunction with the United States 
Environmental Protection Agency (USEPA), Region III, and the Virginia Department of 
Environmental Quality (VDEQ) has agreed that one set of Master Plans (Ml?) s, including a 
Master Work Plan (WI’), a Master SAP, and a Master Health and Safety Plan (HASP), will 
provide the background information needed to understand base-wide site condition.s, the 
approach to be used for the RI/FS and site screening processes (SSPs), and the general types 
of activities to be completed. 

The Master SAP consists of three documents: The Master Field Sampling Plan (FSP), the 
Master Quality Assurance Project Plan (QAPP), and the Master Investigation-Derived 
Waste Management Plan (IDWMP). These Ml’s will be updated by LANTDIV or the 
environmental contractor as necessary, and reviewed at least once every three years by 
USEPA and VDEQ personnel to ensure that the information contained therein is accurate 
and reflects current procedures and guidance. Any updates or necessary changes will be 
incorporated through addenda to the Ml%. 

Site-specific details, such as sampling locations, numbers of samples, and analytical 
parameters, will be provided in separate site-specific plans. The site-specific plans will 
supplement each MP and will present information specific to each new area of 
investigation. Checklists that outline the information to be included in each site-specific 
plan are provided in Attachment A of the Master WP. Environmental contractors 
performing field investigations on St. Juliens Creek Annex will be able reference general 
material, such as sampling and analytical methodologies, from one master set of 
documents. General information will not have to be reproduced for every SSA and RI/FS 
site. 
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SECTION~.~ 

Introduction 

, _.-~“%._ 

This Master Field Sampling Plan (FSP) is a compilation of the anticipated field activities 
which may be performed to support Remedial Investigation/Feasibility Study (RI/FS) and 
Site-Screening Process (SSP) activities at one or more of the sites at the St. Juliens Creek 
Annex to Naval Base, Norfolk (St. Juliens Creek Annex) in Chesapeake, Virginia. The 
purpose of the Master FSP is to describe the types of field procedures which may be 
performed during the course of field activities and how these procedures will be completed. 
This Master FSP does not include site-specific information regarding past activities, nor 
does it include potential sample locations or the number of samples to be collected. The 
specific information regarding field activities at any RI/FS site or Site Screening Area (SSA) 
will be provided in separate Site-Specific Work Plans. These work plans will reference this 
Master FSP, rather than repeat the information contained in this plan. Information to be 
provided in each site specific FSP is outlined on the FSP site-specific checklist, located in 
Attachment A of the Master Work Plan (WI’). 

This Master FSP describes field investigation procedures and practices to be followed at St. 
Juliens Creek Annex and is organized in three sections. Section 1 is a general introduction. 
Section 2 addresses analytical services and describes the different field activities which may 
be performed at the base. Section 3 provides protocol for sample documentation andi 
custody. All analyses will be performed in accordance with standard U. S. Environmental 
Protection Agency (USEPA) Contract Laboratory Program (CL!?) protocol or USEPA Test 
Methods for Evaluating Solid Waste (SW-846) Third Edition. Tests conducted in the field, 
such as water quality measurements and tests for soil characteristics, will be perform.ed 
according to the Standard Operating Procedures (SOPS), located this Master Plan. Standard 
operating procedures (SOPS) referenced in Section 2 are included as Appendix C of the 
Master WP. The potential field activities that may be conducted at the base include: 
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Geophysical surveys 
Soil gas surveys 
Surface water and sediment sampling 
Surface soil sampling 
Soil boring installation 
Subsurface soil sampling 
Monitoring well installation and development 
Monitoring well abandonment 
Groundwater sampling 
In-situ groundwater sampling 
Aquifer testing 
Hydrogeologic measurements 
Biota sampling 
Trenching 
Land surveying 
Investigation derived waste sampling 
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INTRODUCTION - MASTER FIELD SAMPLING PU\N 

l Decontamination 

The background and setting for St. Juliens Creek Annex are described in the Master WI? and 
are not repeated here. Site-specific information regarding individual sites or SSAs will be 
included in Site-Specific Work Plans. 
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SECTION~.~ 

Field Activities 

This section describes analytical field sampling analytical/quality control protocol a:nd field 
activities which may be performed at St. Juliens Creek Annex. Not all of these activities will 
be conducted at all sites or SSAs. The field activities discussion is general; details of the 
procedures are provided in the SOPS which are included as attachments to this Master Field 
Sampling Plan. 

The sampling activities at St. Juliens Creek Annex will conform to U.S. Navy specific:ations 
and guidelines. 

2.1 Analytical Services 
Analytical services include the measurement of field parameters, routine analyses of 
environmental samples, and data validation. 

2.1 .I Field Measurements 
The measurement of the field parameters temperature, pH, dissolved oxygen, turbidity, and 
specific conductance are screening tools. These parameters will be used to evaluate 
groundwater and surface water conditions prior to sample collection. These parameters 
will also be used to estimate the effectiveness of well development activities. 

Field screening also includes the use of an organic vapor monitoring instrument to measure 
organic vapors in air. These data will be used for the following: 

l Evaluation of ambient air conditions during field activities to meet the requirements of 
the Health and Safety Plan. 

l Assist in the gross screening of soil samples. 

Field screening procedures are discussed in more detail in Section 4 of the Master Quality 
Assurance Project Plan (QAPP) and in the SOPS. 

2.1.2 Routine Sample Analysis 
The routine analysis of environmental samples will be requested for Total Compound List 
(TCL) volatile organic compounds (VOCs), TCL semivolatile organic compounds (SVOCs), 
pesticides and polychlorinated biphenyls (PCBs), and Target Analyte List (TAL) met:als and 
cyanide. 

These data will be used for the following: 

l Risk assessment 
l Characterization of the native soil, fill, and sediment 
l Characterization of groundwater and surface water 
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FIELD ACTIVITIES - MASTER FIELD SAMPLING PLAN 

The methods and procedures to be followed during routine sample analyses are discussed 
in more detail in Section 8 of the Master QAPP. 

2.1.3 Data Validation 
Data validation requirements are discussed in more detail in Section 9 of the Master QAPP. 

2.2 Field QC Procedures 
Quality Control (QC) duplicate samples and blanks are used to provide a measure of the 
internal consistency of the samples and to provide an estimate of the components of 
variance and the bias in the analytical process. Table 10-l in the QAPI’ is a summary of the 
collection frequencies of the field QC samples. 

2.2.1 Blanks 
Blanks provide a measure of cross-contamination sources, decontamination efficiency, and 
other potential errors that can be introduced from sources other than the sample. American 
Society of Testing Materials (ASTM) Type II water will be used for blanks. Three types of 
blanks will be generated during sampling activities: trip blanks, field blanks, and 
equipment blanks. 

One trip blank will be included each day for each cooler containing samples for VOC 
analysis. The trip blanks will be prepared before each sampling event, shipped or 
transported to the field with the sampling bottles, and sent to the laboratory unopened for 
analysis. Trip blanks will not be prepared or handled in the field. Trip blanks will indicate 
whether contamination is introduced during shipment to the field, storage in the field, or 
shipment from the field to the analytical laboratory. 

One field blank will be collected each week of sampling. The field blanks will indicate 
whether contamination has been introduced by handling the sample bottle in the field or in 
the laboratory. The pre-preserved sample container will be filled with ASTM Type II water 
in the field at the time of sampling. 

One equipment blank will be collected each day during sampling. The equipment blanks 
will indicate the completeness of equipment decontamination procedures. 

EPA has recently requested that a temperature blank be included in each cooler containing 
samples for CLP analyses so that the laboratory can record the temperature without 
disturbing the samples. The temperature blank will not be given a sample number nor 
listed as a sample on the Chain of Custody (CoC). 

2.2.2 Duplicates 
Field duplicate samples will be collected at a frequency of 1 per 10 field samples per matrix. 
The locations from which the duplicates are taken will be selected with a bias for locations 
where contamination is expected. The duplicate sample will be submitted for analysis as 
two independent samples with different sample numbers. Data validators will use these 
results to evaluate the accuracy of the analytical data. 
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2.2.3 Matrix Spike//Matrix Spike Duplicate (MWMSD) 
Matrix spike/matrix spike duplicate (MS/MSD) samples will be collected at a frequency of 
1 per 20 field samples. Analytical results from these samples indicate the effect that the 
matrix (water, soil, sediment) has on extracting the analyte for analysis. Data validators 
will use the results to evaluate the accuracy of the analytical data. 

2.3 Geophysical Surveys 
Geophysical survey methods that may be used include electromagnetic induction (E:M), 
ground penetrating radar (GPR), magnetometry, and downhole geophysical surveys,. 
Appropriate survey methods will be selected to delineate potential areas of buried wastes 
and utilities at the areas under investigation. Utility clearance will be performed St. Juliens 
Creek Annex and/or its subcontractors prior to any soil disturbance. The results fro:m these 
surveys will be used to determine the locations of subsequent soil borings and monitoring 
wells and to characterize the condition of the subsurface. 

In general, grids will be established in the field at areas to be evaluated at an appropriate 
spacing (e.g., 15 to 20 feet), depending on the geophysical method being used and the size 
of the site. Smaller grid spacings may be used in areas where greater subsurface definition 
is required (e.g., locating an underground storage tank). The grid spacings will be tied to 
existing permanent structures (e.g., buildings, monitoring wells) so they can be referenced 
to later land surveys. In some areas, brush and tree clearing may be required for the 
geophysical surveying operations. The criteria used to determine grid spacing will be 
further defined in the Site-Specific Work Plans. 

2.3.1 Electromagnetic Induction 
EM terrain conductivity profiling is a non-invasive method used to identify lateral changes 
in subsurface conductivity through inductive electric measurements made at the ground 
surface. The EM survey is a rapid, cost-effective reconnaissance tool. Areas of higher-than- 
background conductivity may be associated with surficial and buried wastes, contaminants, 
or metals objects (i.e., buried drums and storage tanks, product lines, utility lines). EM may 
also be used for contaminant plume mapping, locating abandoned trenches and lagoons, 
and locating lateral anomalies such as pockets or pits of different materials. 

EM data will be digitally recorded and downloaded to a personal computer (PC) for 
processing and analysis. Data will be profiled and contoured over the area of investigation 
to determine inordinately high and low conductivity values. Areas interpreted to represent 
buried waste, contaminants, or metals will be delineated. 

2.3.2 Ground Penetrating Radar 
GPR is an active geophysical system which transmits high frequency EM waves into the 
ground and detects the energy reflected back to the surface. The GPR transmits 
electromagnetic waves of radio and microwave frequencies (e.g., 80 megahertz [MHz] to 
1,000 MHz). Reflections typically occur at lithologic changes, subsurface discontinuities, 
and internal soil structures. GPR is useful for determining the presence of underground 
utilities and buried metallic objects, and for further characterizing buried wastes by 
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producing a graphic cross section of the subsurface. Other applications include locating 
concrete foundations, buried archaeological artifacts, excavations, filled pits, and lagoons. 

2.3.3 Magnetometry 
Magnetometry measures local perturbations in the earth’s magnetic field. Both naturally- 
occurring and man-made magnetic materials can modify the ambient field. Buried ferrous 
objects, such as drums, tanks, and product lines, usually produce a detectable magnetic 
anomaly. 

Magnetic data will be digitally recorded and downloaded to a PC for processing and 
analysis. Data will be profiled and contoured over the area of investigation to facilitate 
identification of anomalous magnetic intensities. Areas interpreted to represent buried 
waste, contaminants, or metals will be delineated. 

2.3.4 Downhole Geophysics 
Downhole geophysical methods are used to characterize or log the stratigraphy, geology, 
morphology, and hydrology of a well or open bore hole. Methods that are commonly 
utilized and what is recorded are summarized below: 

Caliper log - measures changes in the diameter of the borehole. 

Fluid resistivity log - records natural variations in electrical resistivity (resistance)of 
borehole and interstitial fluids. 

Electrical resistivity log - records natural variations in electrical resistivity (resistance) 
between contrasting lithologic types and interstitial fluids. 

Spontaneous potential log - records natural variations in electrical potential (voltages) 
between contrasting lithologic types. 

Gamma log - records natural variations in gamma radiation between contrasting 
lithologic types. 

Acoustic (sonic) log - records natural variations in density (porosity) between 
contrasting lithologic types. 

Neutron logs - records natural variations in neutron emission between contrasting 
lithologic types. 

Temperature log - records variations in water temperature within a borehole. 

Fluid movement (flow) log - records variations in borehole groundwater flow through. 

2.4 Soil Gas Survey 
Soil gas surveys are expected to be used in areas where materials containing petroleum- 
based compounds, VOCs, or other hydrocarbon compounds were used, spilled, or stored. 
Soil gas survey results will be used to help delineate the extent and concentration of organic 
vapors in the vadose zone which may be indications of soil and/or groundwater 
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contamination. The results may also be used to determine the need for and locations of 
confirmatory soil borings and monitoring wells. 

Soil gas samples will be collected in-situ and analyzed on-site. Samples may be analyzed 
for hydrocarbon compounds and/or selected chlorinated compounds (i.e., trichloro- 
ethylene, tetrachloroethylene, and l,l,l-trichloroethane) using gas chromatographic 
techniques. Samples can also be analyzed for combustible gases using a portable 
combustible gas indicator. 

2.5 Surface Water and Sediment Sampling 
Surface water and sediment samples will be collected from drainage ditches, wetlands areas, 
creeks, lagoons, ponds, and estuaries across the site. Sampling will proceed from downstream 
to upstream locations to reduce the amount of turbidity and potential cross-contamination of 
downstream samples. Sampling will be conducted at low tides, where appropriate, and low 
flow to minimize dilution of possible contaminants. Sampling activities will not occur after 
periods of heavy rainfall. 

2.51 Surface Water Sampling 
Field parameters (e.g., dissolved oxygen [D.O.], temperature, specific conductance, pH) will 
be measured prior to sample collection. Surface water samples will then be collected1 by 
submersing the sampling container directly into the surface water body or by using a 
“thief” type sampler and then transferring the sample to the sample container. The body of 
the immersed sampling container will face downstream so that any sediment disturbed 
during the immersion of the container does not enter the sampling vessel. If the volume of 
surface water encountered is insufficient to allow the direct submersion of the sampling 
containers, a glass interim vessel will be used to transfer the surface water sample to the 
sample containers. The glass interim vessel will be laboratory cleaned to the same 
specifications as the sample containers. 

Table 2-l presents the required containers, preservatives, and holding times for water 
samples. All appropriate preservatives will be added to the sample containers by the 
contracted laboratory before shipment to the environmental contractor’s field team. All 
samples will be kept cool in the field at 4”C, using bagged ice. 

For VOC samples, the bottles will be filled to minimize aeration of the samples. During the 
collection of surface water samples, care will be taken to ensure that any pre-added 
preservative is not rinsed from the sampling container during sample collection. Sample 
vials will be filled completely and capped to prevent the entrapment of any air bubbles in 
the vial. 

2.52 Sediment Sampling 
Sediment samples will typically be collected with surface water samples. At locations 
where both sediment and surface water samples are being collected, the surface water 
sample will be collected first. This will ensure that any sediment disturbed during the 
sediment sampling does not enter the surface water sampling container. 
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Table 2-l 
Required Containers, Preservatives, and Holding Times for Water Samples 

Volume of 
Number of Holding Sample 

Analysis Containers Sample Container Preservative Time Collected 

vocs 3 Three 40-ml glass vials HCI to pH ~2; 14 days Fill 
w/Teflon-lined cap Cool to 4°C completely; no 

air bubbles 

svocs 2 Two 1 -liter bottles Cool to 4°C 7 days Fill to shoulder 

Pesticides/PCBs 2 Two 1 -liter bottles Cool to 4°C 7 days Fill to shoulder 

TAL Metals 1 l-liter polyethylene bottle HNO, to pH ~2; 6 months Fill to shoulder 
Cool to 4°C (28 days for 

mercury) 

Cyanide 1 l-liter polyethylene bottle NaOH to pH ~12; 14 days Fill to shoulder 
Cool to 4°C 

Chlorinated 2 Two 1 -liter bottles Cool to 4°C 7 days Fill to shoulder 
Herbicides 
Organophosphorus 2 Two 1 -liter bottles Cool to 4°C 7 days Fill to shoulder 
Pesticides 
Lead and Arsenic 1 1 -liter polyethylene bottle HNO, to pH ~2; 6 months Fill to shoulder 

Cool to 4°C 

Total Organic 1 500-ml amber glass H,SO,or HNO, 28 Days Fill 
Carbon to pHc2; Cool completely, no 

to 4°C air bubbles 
TCLP VOCs 3 40-ml glass vials HCI to pH ~2; 14 days Fill 

w/Teflon-lined cap Cool to 4°C completely; no 
air bubbles 

TCLP SVOCs 2 1 -liter bottles Cool to 4°C 7 days Fill to shoulder 

TCLP Pesticides 2 1 -liter bottles Cool to 4°C 7 days Fill to shoulder 

TCLP Metals 1 1 -liter polyethylene bottle HNO, to pH ~2; 6 months Fill to shoulder 
Cool to 4°C (28 days for 

mercury) 

TSS 1 1 -liter bottle Cool to 4°C 7 days Fill to shoulder 

TDS 1 250 ml bottle Cool to 4°C 7 days Fill to shoulder 

Alkalinity 1 250 ml bottle Cool to 4°C 14 days Fill to shoulder 

Hardness 1 250 ml bottle HNO, to pH c2; 6 months Fill to shoulder 
Cool to 4°C 

voc = Volatile organic compound TSS = Total Suspended Solids 
svoc = Semivolatile organic compound TDS = Total Dissolved Solids 

PCB = Polychlorinated biphenyl HCI = Hydrochloric acid 
TAL = Target Analyte List HN03 = Nitric acid 
TCLP = Toxicity Characteristics Leaching Procedure NaOH = Sodium hydroxide 
OC = degrees Centigrade H2S04 = Sulfuric acid 
ml = milliliters 

Several different techniques may be used to collect sediment samples, including stainless- 
steel trowel sampling, stainless-steel hand auger sampling, and grab sampling with a Ponar 
Dredge. The method selected will typically depend on the flow and depth of water at the 
sampling location. A brief description of these sampling techniques and their applicability 
is provided below. Table 2-2 lists required containers, preservatives, and holding times for 
sediment samples. 
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Table 2-2 
Required Containers, Preservatives, and Holding Times for Soil and Sediment 

Number of Holding Volume of 
Analysis 

TCL VOCs 

TCL SVOCs 

TCL Pest/PCBs 

Containers Sample Container Preservative Time Sample 

2 2-02 glass bottle with Teflon- Cool to 4°C 14 days 
lined cap 

Fill completely 

1 8-02 glass bottle with Teflon- Cool to 4°C 14 days 
lined cap 

Fill completely 

1 8-0~ glass bottle with Teflon- Cool to 4°C 14 days Fill completely 

TCL Pesticides 
I 

lined cap 

1 8-0~ glass bottle with Teflon- Cool to 4°C 14 days Fiill completely 
1 lined cao I I I 

TAL Metals 

Cyanide 

Chlorinated 
Herbicides 

Organophosphorus 
Pesticides 

1 8-0~ plastic or glass bottle Cool to 4°C 6 months Fill1 to shoulder 

1 8-0~ plastic or glass bottle Cool to 4°C 14 days Fill completely 

1 8-0~ glass bottle with Teflon- Cool to 4°C 14 days Fill completely 
lined cap 

1 8-0~ glass bottle with Teflon- Cool to 4°C 14 days Fill completely 
lined cap 

Lead/Arsenic 1 8-0~ plastic or glass bottle Cool to 4°C 14 days Fill to shoulder 

TOC 

Grain Size 

1 8-0~ plastic or glass bottle Cool to 4°C 28 days Fill completely 

1 Quart size plastic bag Cool to 4°C -- Approximately 
l/:3 rd full 

TCLP VOCs 2 2-0~ glass bottle with Teflon- Cool to 4°C 14 days Fill completely 

TCLP SVOCs 

TCLP Pesticides 

lined cap 

1 8-0~ glass bottle with Teflon- Cool to 4°C 14 days Fill completely 
lined cap 

1 8-0~ glass bottle with Teflon- Cool to 4°C 14 days Fill completely 
lined cap 

TCLP Metals 

Reactivity 

Corrosivity 

Ignitability 

1 8-0~ plastic or glass bottle Cool to 4°C 14 days Fill completely 

1 8-0~ plastic or glass bottle Cool to 4°C 28 days Fill completely 

1 8-0~ plastic or glass bottle Cool to 4°C 28 days Fill completely 

1 8-0~ plastic or glass bottle Cool to 4°C -- Fill completely 

voc = Volatile organic compound TSS = Total Suspended Solids 
svoc = Semivoiatile organic compound TDS = Total Dissolved Solids 
PCB = Polychlorinated biphenyl HCI = Hydrochloric acid 
TAL = Target Analyte List HN03 = Nitric acid 
TCLP = Toxicity Characteristics Leaching Procedure NaOH 
OC 

= Sodium hydroxide 
= degrees Centigrade H2S04 = Sulfuric acid 

ml = milliliters 

During sediment sample collection, the VOC sample containers will be filled first. The 
sample will be placed directly into the VOC sample container to minimize the volatilization 
of organic compounds. The remaining sample volume will be placed into a stainless-steel 
bowl and mixed thoroughly. After mixing, all other sample containers will be filled. 
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2.5.2.1 Stainless-Steel Trowel 

A stainless-steel trowel will be used to collect sediment samples in areas where there is 
minimal water flow across the sampling location and depth specific characterization is not 
required. The trowel will be used to transfer the sediment from the sampling location into 
the sample containers. 

2.5.2.2 Stainless-Steel Hand Auger 

For depth-discrete sediment sampling, a clean stainless steel, hand-held coring instrument 
with a disposable plastic liner tube, fitted with an eggshell catcher to prevent sample loss, 
will be used. The coring device will be pushed through the thickness of the sediments. The 
core will either be extruded into a stainless-steel bowl or directly into the appropriate 
sample bottles. The sample recovery will be noted, and the discreet interval (e.g., 0 to 4 
inches, 4 to 8 inches, 8 to 12 inches, or deeper if needed) will be placed in a stainless steel 
mixing bowl. 

2.5.2.3 Ponar Dredge Sampling 

A Ponar Dredge will be used to collect sediment samples from beneath any surface water 
greater than l-foot in depth. The ponar dredge is a “clamshell” type sampling device 
consisting of the bucket/jaws and the sampler arms. During sampling activities, a length of 
rope is attached to a ring on the top of the sampler arms. The sampler arms are then 
pushed towards the bucket to open the sampler jaws. The jaws are locked in the open 
position by inserting a spring-loaded steel pin through a small hole in the arms. The 
sampler is lifted by the rope, with the samplers weight creating the tension which holds the 
locking pin in place. The sampler is lowered until the sediments are encountered, pulled up 
approximately 6-inches, and allowed to free fall. With the tension relieved, the spring on 
the locking pin forces the pin out of the hole in the arms. As the sampler is retrieved, the 
jaws close trapping the sediment sample inside. Any surface water entrapped in the 
sampler is slowly decanted through a screened port on the top of the ponar. 

2.6 Surface Soil Sampling 
Sampling techniques that may be employed for surface soil sampling include, stainless-steel 
trowel sampling and stainless-steel hand auger sampling, depending on the nature of the 
material to be sampled. A stainless-steel trowel will typically be used to collect samples of 
loosely packed materials and a stainless-steel hand auger for densely packed materials. 
Surface soil samples will be obtained from a depth of 0 to 6 inches below ground surface 
(bgs) and typically be used to investigate leaks and spills on the ground surface. Samples 
collected from beneath paved or gravel surfaces are not considered surface samples. 
Table 2-2 lists the required containers, preservatives, and holding times for soil samples. 

2.7 Soil Borings 
Before soil borings (or well borings) are initiated, utility clearances will be obtained from 
the Navy. Borings will be advanced by utilizing either direct-push technology (DPT) or by 
a drill rig. If physical access to areas is restricted, soil borings may also be advanced using 
a hand auger or a tripod-mounted sampling device. The locations and total depth of hand- 
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augered boreholes will be determined in the field based upon subsurface soil,conditions 
and site specific sampling objectives. 

2.7.2 Soil Borings Performed by Direct Push Technology (DPT) 
Direct push technology (DPT) may be used to collect soil samples. Shallow borings will be 
performed using a DPT rig and a 44% long Macro Core sampling device or equiva1en.t (See 
DPT SOP). The borings will extend to the desired depth defined by the site-specific work 
plans. If field evidence (e.g., screening readings above ambient on a photoionization 
detector) indicates possible contamination, or if layers of waste are identified, a sample will 
be collected from that material. If there is no visual or other field evidence of waste 
material, a sample will be collected from a depth interval from 2 feet above the water table 
to the water table. Boreholes resulting from subsurface soil sampling activities will be 
sealed with hydrated bentonite powder or pellets. 

2.7.2 Soil Borings Performed by Drilling 
Subsurface soil sampling by drilling can be performed using a tripod, truck-mounted, or all- 
terrain vehicle (ATV) drill rig, using a split-spoon sampler. The sampler is driven into 
unconsolidated materials using a falling weight connected to the drill rig. The soil biorings 
performed under these investigations will typically be sampled continuously (every 2-feet) 
or periodically (every 5-feet) to depth, as necessary, for lithologic and/or chemical 
characterization. A geologist will observe the drilling and sampling operations. The soil 
will be classified according to the Unified Soil Classification System (USCS). Field 
observations of lithology, moisture content, discoloration’s, odors, and other visible features 
will be described and recorded in the field logbook. During advancement of the boring, a 
photoionization detector will be used to measure volatile organic contamination in the soil 
cuttings and split spoon samples. Subsurface soil samples may be analyzed from all or 
selected boreholes. 

Upon completion, each boring will be backfilled with a bentonite-cement grout mixture. A 
labeled stake will be placed at the ground surface near the borehole for future reference. 
Asphalt or other surface material will be patched. Auger cuttings will be containerized in a 
roll-off or steel drums. If significant contamination is present, either visually or by 
measurement from a photoionization detector (PID), the soil will be drummed separately, 
labeled with the appropriate boring number, and placed on a wooden pallet at the site. Soil 
cuttings from background locations will be spread on the ground near the borehole a.nd not 
containerized. 

2.8 Subsurface Soil Sampling 
Split spoon sampling techniques will typically be used at locations where samples are being 
collected from depths greater than 3-5 feet, discreet sampling intervals,,from beneath 
asphalt, or where compaction of the soil has made sample collection using manual augers 
or trowels impossible. 

A drill rig will be used to advance hollow stem augers to the top of the desired sampling 
interval. The inner diameter of the augers will be based on the use of the borehole and 
specified in site-specific Sampling and Analysis Plans (SAPS). A stainless-steel split-spoon 
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sampling device will be attached to the proper length of drilling rod and inserted through 
the hollow stem augers. A 150-pound hammer will be used to advance the split-spoon 
sampling device up to 2-feet below the auger or until refusal as required for sample 
collection. The split spoon sampler will then be retrieved-and the sample handled in 
accordance with site specific SAPS. 

2.9 Monitoring Well Installation 
Monitoring wells will be installed in selected boreholes. Boreholes drilled for monitoring 
well installation will be lithologically logged by the Field Geologist as described in 
Section 2.7. Well locations will be determined based upon previous analytical results, or 
other pertinent field data, as described in the site specific work plans. 

Monitoring well borings will usually be installed using hollow stem augers, unless field 
conditions require the use of a rotary method. The rotary method will utilize the addition 
of drilling water, not drilling mud. Well screens will be placed within the zone of interest. 
Specific well screen placement will be discussed in the Site-Specific Work Plans. 

At locations where permanent wells are not required or well installation cannot be 
completed using a truck-mounted or ATV drilling rig, drive points may be installed. Drive 
points are 2-inch diameter, stainless steel monitoring wells with short screens which are 
installed by driving the well point into the ground. These will be installed in wet areas 
where the weight of a drilling rig cannot be supported, or because of steep slopes or dense 
forest. Drive points may also be installed in an open borehole. 

2.9.1 Monitoring Well Construction 
Monitoring wells will generally be constructed of 2 or 4-inch I.D., Schedule 40 polyvinyl 
chloride (PVC) risers and screen, with flush joint threads. Wells will typically have 10 to 
E-feet screen lengths, depending upon aquifer thickness. Samples of aquifer material for 
grain size analysis may be collected from selected well borings. From this information, 
screen slot size and sand pack particle size will be determined. Wells will have a 2 to 3-foot 
sump, below the screen to catch small particles which may move through the sand pack. 
Wells may also be constructed of stainless steel rather than PVC in areas where high 
concentrations of solvents are present in the groundwater that could degrade a PVC well. 

A sand pack will be placed around the screened interval to one to two feet above the top of 
the screen. A minimum of two feet of bentonite will be placed above the sand pack. If 
above the water table, bentonite will be hydrated with potable water prior to grouting. 
Grout will be placed via a side-discharging tremie pipe above the bentonite pellets to within 
one foot of the ground surface. 

Drive points may be constructed in one of two ways. If the drive point is hammered into 
place, no other well construction will be necessary, and the well assembly is fabricated from 
2-inch diameter stainless steel and includes a screen (anticipated to be 2-3 feet in length), 
casing, and a hardened point. If a hand augered borehole is used, the procedure will 
consist of: 

l Advancing a $-inch diameter hand auger to the desired depth below the water table. 
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l Installing a temporary casing if the borehole collapses using PVC pipe hammered into 
the collapsing borehole and reaugered to clean out the soils until final depth is achieved. 

l Placing a 2-inch diameter drive point in the open borehole. 

l Placing sand pack around the drive point to a depth that is approximately 1 foot above 
the screened interval. 

l Placing a bentonite seal above the sand pack to the top of the borehole. 

l Grouting will not be used in drive points. 

In high traffic areas, wells will be completed with a flush mounted protective casing with 
locking cap. A 2-foot x 2-foot x 4-inch concrete pad will be installed in the asphalt or 
concrete to reinforce the shallow wells. This will be sloped away from the well to prevent 
surface water infiltration. 

Wells completed where there is no vehicular traffic will have 2- to 3-feet of “stickup” above 
ground surface. A steel protective casing will be placed over the riser and cemented into a 
4-foot x 4-foot x $-inch concrete pad. Steel guard posts will be placed around the protective 
casing to prevent accidental damage. The pad will be sloped away from the well to prevent 
surface water infiltration. 

2.9.2 Monitoring Well Development 
Monitoring wells will be developed prior to sampling by removing water from each ,well 
using a disposable polyethylene bailer and clean rope, submersible pump, or bladder 
pump. The development water will be discharged into 55 gallon drums or other storage 
containers (e.g., tankers). A surge block also will be used to aid in development. If 
dedicated sampling equipment is not used, equipment will be decontaminated between 
wells. 

Well development will be performed after the grout used to construct the well has been 
allowed to adequately set (at least 48 hours). The groundwater levels will be measured to 
the nearest 0.01 foot from the top of the PVC casing. Development will consist of removing 
at least three well volumes of water, plus the amount of water added during the drilling or 
installation process. Development will continue until the water clears, or until 6 hou:rs of 
development has passed, whichever comes first. Water clarity will be measured with a 
nephelometric turbidity unit (NTU) meter. Development information, including water 
clarity, pH, specific conductivity, and temperature, will be recorded in the field logbook. 

Wells installed as part of previous investigations will be evaluated in the field to determine 
if redevelopment is required. Redevelopment will be considered necessary if 10 percent or 
more of the screen length has been “silted in,” that is, filled in by soil particles; this soil 
matter leads to turbid samples and possibly incorrect conclusions about groundwater 
analytical results. If redevelopment is necessary, it will follow similar procedures as for 
newly installed wells; however, additional time and volurne of water removed may be 
needed to remove the fine sediment from the well. 

After installation of drive points, the inside of each drive point screen will be scrubbed with 
a 2-inch diameter round steel brush to clean out any mud or sediment that might clog the 
screen slots. The water in the drive point will then be bailed out. If necessary, distilled 
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water may be added and the screens scrubbed again to facilitate water flow through the 
screen. This procedure may be repeated two or three times to clean the screen. 

2.10 Monitoring Well Abandonment 
Well abandonment will be performed on monitoring wells which are no longer in use or 
which are improperly constructed. The well abandonment procedures are in accordance 
with the Virginia Department of Health (VDOH). The objective of this procedure is to 
prevent contamination from reaching groundwater through the well (VDOH, April 1992). 
The well will be overdrilled using hollow stem augers and, if possible, the casing will be 
removed. The casing will be decontaminated, cut into small sections approximately 3 feet 
long, and disposed as regular trash. The well will be filled with grout by a tremie pipe 
which will extend to the bottom of the well. As the grout fills the well, the pipe will be 
raised. 

2.11 Groundwater Sampling from Monitoring Wells 
Monitoring wells will not be sampled for at least two weeks after the well has been 
developed. This will allow an adequate amount of time for the well to recover. Prior to 
sampling, groundwater will be purged from each well. Purging will be performed until at 
least three borehole volumes have been removed and the temperature, specific 
conductance, and pH have stabilized to within 10 percent for three consecutive readings. 
The borehole volume will be calculated using values for the depth of the well, the depth to 
water, and the well diameter. Purging will be accomplished using low flow pumps or 
bailers. Well purging data will be recorded in the field logbook. The Investigation-Derived 
Waste Management Plan (IDWMP) discusses treatment and disposal of purge water. 

Samples will be collected after the field parameter measurements have stabilized. Wells 
that are pumped dry during purging will be allowed to recover before sampling; the sample 
will be obtained as soon as a sufficient volume of groundwater to fill all sample containers 
has entered the well. 

Groundwater samples will be collected from the well using a clean, double check valve 
bailer or low-flow sampling pump. The sample will be transferred from the bailer or the 
pump into properly-labeled, laboratory-prepared sampling containers filled and/or 
preserved as appropriate; cooled to approximately 4 degrees Celsius (“C); and shipped to 
the analytical laboratory under appropriate CoC documentation procedures. If needed, 
samples will be field filtered prior to preservation using a 0.45 micron filter. The filter will 
be prepared prior to use by rinsing with distilled water or otherwise following the 
manufacturer’s instructions. Table 2-1 shows the required containers, preservatives, and 
holding times for water samples. 

2.12 In-Situ Groundwater Sampling 
Groundwater samples may be collected using a Geoprobe@ hydraulic sampler or a 
HydroPunch@‘hydraulic sampler mounted on a 4-wheel-drive truck where permanent wells 
are not installed and the extent of groundwater contamination needs to be defined. Prior to 
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sampling activities, utility clearances will be performed. The borehole will be advanced 
using a drill rig and hollow stem auger techniques to reach the depth of interest in the 
aquifer. At that depth, the drill rods will be removed and the Geoprobe@ or HydroPunch@ 
samplers hydraulically pushed to the zone of interest. The cover will then be retracted, 
allowing water to flow into the device. Groundwater samples will either be retrieved using 
a double check valve sampling tool or a “mini” bailer. Samples will be collected directly 
into sample containers that have been precleaned and preserved by the analytical 
laboratory to EPA specifications. Table 2-l shows the required containers, preservatives, 
and holding times for water samples. 

2.13 Aquifer Testing 
Aquifer testing that might be completed include slug tests, step-drawdown pumping tests, 
and constant-rate pumping tests. 

2.13.1 Slug Tests 
Rising and falling head slug tests may be performed in monitoring wells to evaluate aquifer 
hydraulic conductivity in the vicinity of the well. Slug tests will be performed after 
groundwater sampling using solid PVC slugs with clean bailer rope. A pressure transducer 
attached to an electronic recording device, such as an In-Situ HerrniP, will be used to 
record changes in pressure associated with water level recovery. Tests will be repeated 
three times to verify reproducibility. 

2.13.2 Step-Drawdown Pumping Tests 
Step-drawdown pumping tests might be performed to ascertain the efficiency (specific 
capacity) of a well and to determine an appropriate pumping rate for conducting a 
constant-rate pumping test. Methodology will be described in site-specific work plans and 
field sampling plans. 

2.13.3 Constant-Rate Pumping Tests 
A constant-rate pumping test might be performed on a well to ascertain the transmissivity 
and storage coefficient or storativity of the aquifer for use in modeling and capture zone 
analyses. Methodology will be described in site-specific work plans and field samplmg 
plans. 

2.14 Hydrologic Measurements 
Groundwater or surface water hydrologic measurements may be collected at St. Juliens 
Creek Annex. Measurement procedures are described below. 

2.14.1 Groundwater Level Measurements 
Groundwater level measurements will be measured in monitoring wells and drive points. 
Fluid level measurements will be used to evaluate the movement of groundwater, the 
horizontal hydraulic gradient, the vertical hydraulic gradient, and the thickness of any free 
product, if present. This information, when combined with other site-specific inform.ation 
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such as hydraulic conductivity, extent of contamination, and product density, may be used 
to estimate contaminant movement or source areas. Fluid levels will be measured with a 
water level indicator or oil/water interface probe, as appropriate. The depth from the top 
of casing to fluid level will be recorded to the nearest 0.01 foot. 

2.14.2 Surface Water Level Measurements 
Surface water level measurements may be read from surveyed staff gauges placed in 
surface water bodies. Surface water level measurements will be used with groundwater 
measurements to help determine communication between surface water and groundwater. 
Depth of surface water bodies may be measured using a graduated weighted tape or similar 
device. Average width of the water body may be measured using a tape measure or a 
rangefinder, relative velocity of a water body will be estimated if the velocity cannot be 
measured with a flow meter. 

2.15 Biota Sampling 
Aquatic biota sampling for surface water may include collecting aquatic macroinvertebrate 
and fish. The biota samples will be located to represent upstream, adjacent, and down- 
stream conditions when possible. In selecting the station locations in tidal areas, the 
presence of a salt wedge and the magnitude of tidal influence upstream of the site will be 
considered. Site-specific conditions, such as headwater systems, may preclude the 
establishment of an upstream station. 

Qualitative terrestrial vegetation sampling, qualitative mammalian species surveying, 
qualitative herpetofauna community surveying, and avian community surveying may be 
performed. 

2.15.1 Aquatic Macroinvertebrate Sampling 
Benthic macroinvertebrates will be collected using a Ponar bottom grab sampler or hand- 
held coring device. A minimum of three replicate grab samples will be collected at each 
sampling location because of the precision of macroinvertebrate sampling. Sampling 
precision is affected by the substrate area encompassed by the sampling device and the 
distribution of the organisms. Three replicate random sampling units at each sampling 
location generally are considered a minimum based on guidance in Macroinvertebrate Field 
and Laboratory Methods for Evaluating the Biological Integrity of Surface Waters (USEPA, 1990). 
The invertebrate taxa will be identified to genus and species level with the exception of 
fragmented and juvenile specimens and for those species with known taxonomic 
difficulties. 

2.15.2 Fish Sampling 
Fish will be collected from surface water bodies using electrofishing, gill nets, seining, trot 
lines, or other fish collection techniques. The fish collection method used will depend on 
whether freshwater or estuarine systems are being evaluated. Electrofishing will be used in 
freshwater systems. Gill nets, trap nets, and trot lines will be used in estuarine and large 
stream and riverine systems. Seines will be deployed in small stream systems and from the 
shore of large estuarine and riverine systems. 
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Sampling will be conducted in areas within the designated reach that will ensure adequate 
representation of the fish community. Fish will be held in fish boxes with an adequate air 
supply until taxonomic identification and field processing. Species will be identified, 
measured, and weighed. Fish with disease, tumors, fin damage, and skeletal anomalies will 
be noted. One representative fish from each species will be preserved for taxonomic 
verification. All remaining fish will be returned to the surface water body. 

In addition to fish community sampling, fish tissue sampling may be conducted to 
determine bioconcentration of selected contaminants in fish. 

2.16 Test Pits/Trenching 
Test pits or trenches may be completed in areas where characterization of fill or other waste 
materials is required or the extent of contamination needs to be determined. Test 
pits/trenches may be excavated up to 15 feet in length and to a maximum depth of ten feet. 
Samples of materials excavated from the trench will be collected from the bucket of the 
backhoe or the pile of excavated material using a stainless steel trowel or spoon. Test 
pits/trenches will not be entered by any member of the sampling team. 

The position of the test pit/trench will be determined in the field by the Project 
Geologist/Scientist. Utility clearance will be obtained from the Navy prior to excavation. 
Excavation equipment will be decontaminated prior to and after each test pit/trench 
excavation. Excavation will proceed by removing lifts of no more than about 6 to 12 inches, 
until an assessment of the material can be made. The material removed from the trench will 
be placed on plastic sheeting. A geologist will log the test pit materials. The cross section 
will be sketched or described and notable features will be identified in the field log book. 
Depths will be measured from the ground surface. The length and width of the test pit will 
also be measured. The test pits/trenches will be backfilled with the material removed from 
the excavation immediately after completed to reduce site hazards and minirnize the 
potential for rainwater accumulation and subsequent contaminant migration. 

2.17 Land Surveying 
Surveying activities will be conducted by a qualified surveying subcontractor licensed in 
the Commonwealth of Virginia. The following land surveying activities may be conducted 
at the Base: 

l Obtaining elevations of groundwater monitoring wells, piezometers, soil borings, and 
drive points, to an accuracy of 0.01 feet, referenced to mean sea level (msl). Elevations 
will be determined from a United States Geological Survey (USGS) benchmark located 
at the Base. Benchmarks may not be readily accessible to the survey sites. 

l Establishing the elevation reference point for wells at the top of the inner PVC well 
casing, and a permanent mark designating the elevation point. The ground surface 
elevation for each well and boring will be established to an accuracy of 0.01 feet. 
Horizontal control shall be established to the 0.1 foot. 
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l The location of each well, boring, and test pit will be tied into permanent land 
monuments (e.g. building corners). Horizontal control shall be established to the 
0.1 foot. 

l Grid intersections (for soil gas or geotechnical surveys) will be marked with wooden 
stakes and will be numbered by the surveyor with a unique location number. 

l Surveying of surface water/sediment sampling stations may be difficult, especially 
because of the steep terrain around streams and drainage areas. The field team will 
estimate these locations in the field and mark them on a field map during sampling. 

Portable Global Positioning Satellite (GPS) systems may also used to determine horizontal 
coordinates for points, such as sampling locations and grid points. Horizontal control 
varies with different GPS systems. 

2.18 Investigation-Derived Waste Sampling 
Investigation derived wastes (IDW) include disposable materials used in the normal course 
of field operations, such as health and safety equipment and sampling equipment. IDW 
also includes materials generated from drilling and sampling activities, such as drill 
cuttings, development and purge water, and decontamination water. Base wide IDW 
management is addressed in the Master IDWMP. 

2.19 Decontamination 
Temporary decontamination pads will be placed at strategic locations throughout the base 
prior to field activities generating large quantities of water. The decontamination pads will 
be constructed of high density polyethylene and wood with elevated sides and a sump to 
collect fluids. These fluids will be pumped into a tank or drums designated for that site. 
The location of the decontamination pads will be finalized during mobilization, as directed 
by the Base, and will be based upon areas/sites that are under investigation. Specific 
elements of decontamination are described below. 

2.19.1 Sampling Equipment Decontamination 
Sampling equipment (i.e., split-spoons, sampling trowels, bucket augers, bailers, etc.) will 
be decontaminated prior to sampling and between samples. Waters generated during 
decontamination of sampling equipment at each site or SSA will be contained in 55-gallon 
drums, pending receipt of analytical results and final disposition recommended to the Base. 
Decontamination water will be segregated from all other water because of solvents and 
acids that are introduced into the water. 

All heavy equipment, including the drilling rig, rods and augers, and other downhole 
equipment used during site investigation activities will be decontaminated prior to use and 
between locations using a high-pressure steam wash at a decontamination pad located on 
or near the site. The steam-cleaning water will be from a potable source. The 
decontamination water will be pumped into drums with a sump pump and the drums will 
be immediately emptied into a tank that is centrally located at each site. Monitoring well 
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casings and screens will also be steam-cleaned using the same procedure, unless they are 
certified by the manufacturer as clean and plastic seals are intact. 

2.19.2 Personnel Decontamination 
Personnel decontamination is discussed in the Master Health and Safety Plan (HASP). 

2.20 Field Tests 
Various field tests may be performed during sampling activities. Field tests are commonly 
used to measure water quality parameters of groundwater and surface water and to assess 
the chemical properties of soil. 

Water quality parameters that may be measured during field activities include pH, IEh, 
specific conductance, dissolved oxygen, temperature, alkalinity, and turbidity. 
Measurement of these parameters will be performed in accordance with SOPS and site- 
specific WI’s, and FSPs. 

Field tests used to assess the chemical properties of site soils include, but are not limited to, 
X-ray fluorescence (XRF) field screening - to identify soil containing concentrated arnounts 
of heavy metals; immunoassay screening - to determine the presence of PCBs, polycyclic 
aromatic hydrocarbons (PAHs), benzene, or trinitrotoluene (TNT) above certain 
concentrations; flame ionization detector (FID) and PID headspace screening - to de-tect the 
presence of organic and inorganic vapors being emitted from soil. All soil field tests will be 
performed in accordance with site-specific WI’s, FSPs, and SOPS. 
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SECTION 3.0 

Documentation 

3.1 Sample Designation 
Each sample will be designated by an alphanumeric code that identifies the site and matrix 
sampled and contains a sequential sample number. Site-specific procedures are elaborated 
below. 

Location types will be identified by a two-letter code. Each sampling location will be 
identified with a two-digit number corresponding to the well or sampling location. 

The following is a general guide for sample identification: 

Symbol Definition: 

A = 

Site Abbreviation: 

AA = 

Site Number: 

AA = 

Sample Type: 

ss = 
SB = 
SD = 
SW = 
GP = 
GW = 
DR = 
PZ = 
SG = 
TR = 

Alphanumeric 

Two letter abbreviation identifying the Naval Installation where the 
sample was collected. St. Juliens Creek = SJ 

One letter and two numbers identifying the site on the Naval 
installation where the sample was collected (i.e. S21 = Site 21 and U2 
= SWMU 2 

Soil Sample 
Soil Boring (subsurface soil) Sample 
Sediment Sample 
Surface Water Sample 
GeoprobeB Groundwater Sample 
Groundwater Sample 
Drum Sample 
Piezometer Sample 
Soil Gas Sample 
Trench Sample 
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IS = IDW Soil Sample 
IW = IDW Water Sample 

Sample Location 

AAAAA = Unique sample number and qualifiers. 

Qualifiers 

P = Duplicate Sample 
L = Diluted for laboratory analysis 
R = Rerun of laboratory analysis 

Numbering Format for QAIQC Samples 
QA/QC samples will follow the following pattern: 

AA-AAAAAA 

where the two digits before the hyphen will be alphabetic, by QA/QC type, and the six 
digits after the hyphen will designate the date on which the samples were collected. 
Eligible QA/QC sample types are: 

FB Field blank 
TB Trip blank 

EQ Equipment blank 

The date designation will always have six digits in a DDMMYY format. Examples of this 
numbering approach for QA/QC samples are: 

FB-100196 Field blank collected on October 1,1996 
TB-072997 Trip blank collected on July 29,1997 
EQ-080198 Equipment blank collected on August 1,1998 

3.2 Sample Shipping Procedures 
All field-sampling activities will be documented through the use of field logs and chain-of- 
custody procedures. Sample containers will be clean first-quality containers provided by 
the laboratory. An identification label, indicating the sample number, station number, 
analysis to be performed, preservative used, date and time of sample collection, and the 
name of the responsible sampling team member, will be attached to each sample container. 

After being collected, samples will be packed in coolers with vermiculite and ice for 
delivery to the laboratory. Chain-of-custody forms will be taped to the inside of the lid of 
each cooler. Chain-of-custody forms contain general information about the location of the 
activity and the members of the sampling team, as well as specific information about type 
of sample, sample location, number of sample containers from each station, and analyses to 
be performed. Each time the sample is relinquished or received, the party involved signs 
the form and notes the time and date. 
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DOCUMENTATION - MASTER FIELD SAMPLING PLAN 

The coolers used to deliver the samples will be sealed with strapping tape. Evidencle tape 
will be placed across the front and back of each lid to control tampering. The samples will 
be delivered to the laboratory at the end of each day of sampling to ensure that hold.ing 
times are not exceeded. 
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STANDARDOPERATINGPROCEDURE 

Field Measurement of pH 

I. 

II. 

Ill. 

Purpose 
To provide a general guideline for field measurement of pH of groundwater 
samples. 

Scope 
The following general discussion applies to most commonly used pH meters but 
may differ between specific brands. The operator’s manual should be consulted for 
specific calibration and operating procedures. 

Equipment and Materials 
. pH buffer solution for pH 4,7, and 10 

l Deionized water in squirt bottle 

. pH meter 

0 Combination electrodes 

l Beakers 

l Glassware that has been washed with soap and water, rinsed twice with hot 
water, and rinsed twice with deionized water 

IV. Procedures and Guidelines 

A. Calibration 
Calibrate unit prior to initial daily use and at least once every 4 hours or 
every five samples, whichever is less. Calibrate with at least two solutions. 
Clean probe according to manufacturer’s recommendations. Duplicate 
samples should be run once every 10 samples or every 4 hours which ever is 
more frequent. 

1. 

2. 

Place electrode in pH 7 buffer solution. 

Allow meter to stabilize and then’tum calibration dial until a reading 
of 7.0 is obtained. 

3. Rinse electrode with deionized water and place it in a pH 4 or pH 10 
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buffer solution. 

4. Allow meter to stabilize again and then turn slope adjustment dial 
until a reading of 4.0 is obtained for the pH 4 buffer solution or 10.0 
for the pH 10 buffer solution. 

5. Rinse electrode with deionized water and place in pH 7 buffer. If 
meter reading is not 7.0, repeat sequence. 

B. Procedure 
1. 

2. 

3. 

4. 

5. 

6. 

Before going out into the field: 

4 Check batteries. 

b) Do a quick calibration at pH 7 and 4 to check electrode. 

4 Obtain fresh solutions. 

Calibrate meter using calibration procedure in the operators manual. 

Pour the sample into a clean beaker. 

Rinse electrode with deionized water between samples. 

Immerse electrode in solution. Make sure the white KC1 junction on 
the side of the electrode is in the solution. The level of electrode 
solution should be one inch above sample to be measured. 

Recheck calibration with pH 7 buffer solution after every five - 
samples. 

C. General 
1. 

2. 

When calibrating the meter, use pH buffers 4 and 7 for samples with 
pH < 8, and buffers 7 and 10 for samples with pH > 8. If meter will 
not read pH 4 or 10, something may be wrong with the electrode. 

Measurement of pH is temperature dependent. Therefore, buffers 
temperatures should be within about 2 degrees C of sample 
temperatures. For refrigerated or cool samples, use refrigerated 
buffers to calibrate the pH meter. 

3. Weak organic and inorganic salts and oil and grease interfere with 
pH measurements. If oil and grease are visible, note it on the data 
sheet. Clean electrode with soap and water and rinse with distilled 
water. Then recalibrate meter. 

4. 

5. 

Following field measurements: 

4 Report any problems. 

b) Compare with previous data. 

4 Clean all dirt off meter and inside case. 

4 Store electrode in pH 4 buffer. 

Accuracy and precision are dependent on the instrument used; refer 
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to manufacturer’s manual. Expected accuracy and precision are +/- 
0.1 pH unit. 

V. Key Checks and Items 
l Check batteries 
l Calibrate 

VI. Preventive Maintenance 
l Refer to operation manual for recommended maintenance. 
0 Check batteries, have a replacement set on hand. 
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STANDARDOPERATINGPROCEDURE 

Field Measurement of pH and Eh 

I. Purpose and Scope 
The purpose of this procedure is to provide a guideline for field measurement of pH 
and El-t. 

Il. Equipment and Materials 
l pH buffer solution for pH 4,7, and 10 

l Deionized water in squirt bottle 

a pH/Eh meter, calibration sheet, and instictions 

l pH and redox electrodes 

0 Beakers 

0 Glassware that has been washed with soap and water, rinsed twice with hot 
water, and rinsed twice with deionized water 

l 4 M KCl saturated with Ag/AgCl solution, electrode filling solution. 

III. Procedures and Guidelines 

A. Calibration 
Calibrate unit prior to initial daily use. There are no calibration procedures for 
the redox electrode. Calibrate with at least two solutions. Clean the probe 
according to the manufacturer’s recommendations. Duplicate samples should 
be run once every 10 samples. The order of calibration solutions will be based 
on the instrument manufacturer’s recommendation. 

1. 

2. 

Place electrode in pH 7 buffer solution. 

AJlow meter to stabilize, and then turn calibration dial until a reading 
of 7.0 is obtained. 

3. Rinse electrode with deionized water and place it in a pH 4 or pH 10 
buffer solution. 

4. Allow meter to stabilize again and then turn slope adjustment dial until 
a reading of 4.0 is obtained for the pH 4 buffer solution or 10.0 for the 
pH 10 buffer solution. 
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5. Rinse electrode with deionized water and place in pH 7 buffer. If meter 
reading is not 7.0, repeat sequence. 

B. Procedure 
1. Before going out into the field: 

; 
C. 

d. 

Check batteries. 
Do a quick calibration at pH 7 and 4 to check electrode. 
Obtain fresh calibration solutions. 
Fill electrodes. 

2. 

3. 

4. 

5. 

6. 

Calibrate meter using calibration procedure. 

Pour the sample into a clean beaker. 

Rinse electrode with deionized water between samples. 

Immerse electrode in solution. Make sure the white KCl junction on 
the side of the electrode is in the solution. The level of electrode 
solution should be one inch above sample to be measured. 

Recheck calibration with pH 7 buffer solution after every five samples. 

C. General 
1. When calibrating the meter, use pH buffers 4 and 7 for samples with 

pH ~8, and buffers 7 and 10 for samples with pH >8. If meter will not 
read pH 4 or 10, something may be wrong with the electrode. 

2. Measurement of pH is temperature dependent. Therefore, buffers 
temperatures should be within about 2 degrees C of sample 
temperatures. For refrigerated or cool samples, use refrigerated buffers 
to calibrate the pH meter. 

3. Weak organic and inorganic salts and oil and grease interfere with pH 
measurements. If oil and grease are visible, note it on the data sheet. 
Clean electrode with soap and water and rinse with distilled water. 
Then recalibrate meter. 

4. Following field measurements, report problems and compare with 
previous data. Clean dirt off meter and inside case and store electrode 
in pH 4 buffer. 

5. Accuracy and precision are dependent on the instrument used; refer to 
manufacturer’s manual. Expected accuracy and precision are +/- 0.1 
pH unit. 

6. The redox electrode should be checked prior to beginning site work 
and when anomalous readings suggest that the probe is 
malfunctioning. The procedure for checking the redox electrode is as 
below: 
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a. Prepare solution A (0.1 M potassium ferrocyanide and 0.005 M 
potassium fenicyanide): weigh out 4.22 g reagent-grade 
K$e(CN)6.3H20 and 1.65 g reagent-grade l&Fe(CN)b. Place in a 
100 nil volumetric flask. Add about 50 ml distilled water and 
swirl to dissolve solids. Dilute to volume with distilled water. 

b. Prepare solution B (0.01 M potassium ferrocyanide, 0.05 M 
potassium ferricyanide, and 0.36 M potassium fluoride): Weigh 
out 0.42 g reagent-grade K$e(CN)6*3HzO 1.65 g reagent-grade 
K$e(CN)b, and 3.39 g reagent-grade KF*WzO. Place in a 
100 ml volumetric flask. Add 50 ml distilled water, and swirl to 
dissolve solids. Dilute to volume with distilled water. 

C. Transfer solution A to a 150 ml beaker. Place electrode in the 
solution and wait until the reading stabilizes. The potential 
should be about 234 mV. 

d. Rinse electrode and repeat the measurement with solution B. 
The potential should be about 66 mV greater in solution B than 
in solution A. 

IV. Key Checks and Preventive Maintenance 
,. vu... 0 Check batteries, have a replacement set on hand. 

0 Calibrate meter. 
l Refer to operation manual for recommended maintenance. 
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STANDARDOPERATINGPROCEDURE 

Field Measurement of Specific Conductance and 
Temperature 

I. 

Il. 

Ill. 

Purpose and Scope 
The purpose of this procedure is to provide a general guideline for field measurement 
of specific conductivity and temperature of groundwater samples. The following 
general discussion applies to most commonly used meters but may differ between 
specific brands. The operator’s manual should be consulted for specific calibration 
and operating procedures. 

Equipment and Materials 
0 Conductivity meter and electrode 
0 Distilled water in squirt bottle 
0 Standard potassium chloride (KCl) solution (0.01 N) 

Procedures and Guidelines 

A. Technical: 
Detection limit = 1 we/cm @ 25°C; range = 0.1 to 100,000 @o/cm 

B. Calibration: 
Calibrate prior to initial daily use with standard solution. The standards shodd have 
different orders of conductance. Clean probe according to manufacturer’s 
recommendations. Duplicates should be run once every 10 samples. Calibration 
procedure: 

1. With mode switch in OFF position, check meter zero. If not zeroed, set 
with zero adjust. 

2. Plug probe into meter. 

Condtemp.doc 

Revised 10/31/96 

1 



3. 

4. 

5. 

6. 

7. 

8. 

Turn mode switch to red line and turn red line knob until needle aligns 
with red line on dial. If they cannot be aligned, change the batteries. 

Immerse probe in 0.01 N standard KC1 solution. Do not allow the 
probe to touch the sample container. 

Set the mode control to TEMPERATURE. Record the temperature on 
the bottom scale of the meter in degrees C. 

Turn the mode switch to appropriate conductivity scale (i.e., x100, x10, 
or xl). Use a scale that will give a midrange output on the meter. 

Wait for the needle to stabilize. Multiply reading by scale setting and 
record the conductivity. 

If the conductivity meter does not perform an automatic temperature 
adjustment, the conductivity may be adjusted to 25°C using the 
formula: 

G,= 

Where: 

G, / [l + 0.02 (T - 25)] 

Gzs = conductivity at 25”C, ~o/cm 

T= temperature of sample, degrees C 

G = conductivity of sample at temperature T, p-ho/cm 

The table below lists the values of conductivity that the calibration 
solution would have if the distilled water were totally nonconductive; 
however, even water of high purity will possess a small amount of 
conductivity. 
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I 29 1,518.7 
30 L546.7 

9. Rinse the probe with deionized water. 

C. Sample Measurement: 
Pour the sample into a small beaker and place the probe in the sample. Note and 
record the reading. Rinse the probe with deionized water when done. 

IV. Attachments 
0 Conductivity meter calibration sheet 

V. Key Checks and Preventive Maintenance 

, --. 

0 Check battery. 
0 Calibrate meter. 
l Clean probe with deionized water when done. 
0 When reading results, note sensitivity settings. 
0 Refer to operations manual for recommended maintenance. 
l Check batteries, and have a replacement set on hand. 
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CONDUCTlVITY METER CALIBRATION SHEET 

Instrument Readings 

Analyst 
Initials 

Uncalibrated Calibrated 

@ EC=225 @ EC=225 Comments 
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STANDARDOPERATINGPROCEDURE 

Field Measurement of Dissolved Oxygen 

I. 

II. 

Ill. 

IV. 

Purpose 
To provide general guidelines for the calibration and use of the Dissolved Oxygen 
(DO) meter. 

Scope 
The following general discussion applies to more commonly used meters but may 
differ between specific brands. The operator’s manual should be consulted for 
specific calibration and operation procedures. 

Equipment and Materials 
0 Operations manual 
l A DO probe and readout/control unit with batteries 
l Electrolyte solution (KC1 dissolved in deionized water) and probe membrane 

Procedures and Guidelines 

A. Calibration 
Calibrate prior to initial daily use before any readings are taken. Clean probe 
according to manufacturer’s recommendations. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Prepare DO probe according to manufacturer’s recommended 
procedures using electrolyte solution. 

In the off position, set the pointer to zero using the screw in the center 
of the meter panel. 

Turn function switch to red line and adjust using red line knob until the 
meter needle aligns with red mark at the 31 degrees C position. 

Turn function switch to zero and adjust to zero using the zero control 
knob. 

Attach prepared probe and adjust retaining ring finger tight. 

Allow 15 minutes for optimum probe stabilization (when meter is off or 
during disconnection of the probe). 

For YSI meters, place probe in hollow stopper that is supplied for use 
with the YSI Calibration Chamber. 
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8. 

9. 

10. 

11. 

12. 

13. 

14. 

Place approximately l/2 inch of deionized water into a 4-ounce, wide 
mouth screw cap bottle. Keep this bottle capped and with the DO 
meter. 

Just before use, shake the bottle to saturate the water with air. 

Remove cap, place probe in bottle keeping an air-tight seal around the 
rubber stopper. Swirl water around in the bottle while waiting for 
conditions to reach equilibrium. 

Shield chamber from sun and wind to avoid temperature fluctuations 
during calibration. 

Turn function switch to temperature and record temperature reading. 
Determine calibration factor for that temperature and altitude 
correction factor from tables supplied by manufacturer. 

Multiply the calibration factor by the correction factor to get a corrected 
calibration value. 

Turn function switch to appropriate ppm range and adjust the calibrate 
knob until the meter reads the corrected calibration value. Wait two 
minutes to verify calibration value. Readjust as necessary. 

B. Procedure 
1. 

2. 

3. 

4. 

Before going out into the field: 

4 Check batteries 

W Obtain fresh electrolyte solution 

4 Prepare DO probe 

Calibrate meter using calibration procedure. 

Place probe in water to be measured. The probe should be moved 
through the water at 1 ft/sec or use a probe with a built-m stirrer. 

Allow sufficient time for probe to stabilize to water temperature and 
DO. Record DO meter reading. 

V. Attachments 

DO Meter Calibration Sheet. 

VI. Key Checks and Items 
l Battery check 

l Calibration 
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VII. Preventive Maintenance 
. Refer to operation manual for recommended maintenance. 
l Check batteries, have replacement set on hand. 
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DO METER 
CALIBRATION SHEET 

Date Time 
Analyst’s 
Signature 

Temp 
03 

Alt. 
03) 

Predict Actual 

(PPm 02) (ppm OJ Comment 
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STANDARDOPERATINGPROCEDURE 

Volatiles Monitoring by OVM 

I. Purpose and Scope 
The purpose of this procedure is to provide guidelines for the calibration and use of 
an OVM Organic Vapor Monitor. This is a broad guideline for field use of art OVM; 
for specific instruction, refer to the operators manual. 

II. Equipment and Materials 
0 Operations manual 
a An OVM hand readout unit and side pack assembly 
l 100 ppm isobutylene as calibration gas 
l T-type.feeder tube with 1.5 liter/mm regulator 

Ill. Procedures and Guidelines 
ONLY PROPERLY TRAINED PERSONNEL SHOULD USE THIS INSTRUMENT. 
FOR SPECIFIC INSTRUCTIONS, SEE OPERATIONS MANUAL. 

OVM, Organic Vapor Monitor 

1. Introduction 

The OVM Organic Vapor Monitor is designed to detect organic materials in air. 
It uses a photo-ionization detector (PID) as its detection principle. This 
detector allows the monitor to respond to a wide variety of organic 
compounds. 

2. Operational Checks 

l See basic operating instructions in operations manual. 

3. Calibration 

0 See basic operating instructions in operations manual. 

IV. Key Checks and Preventive Maintenance 
0 Check battery. 
0 Zero and calibrate. 
0 Verify sensor probe is working. 
. Recharge unit after use. 
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A complete preventive maintenance program is beyond the scope of this document. 
For specific instructions, refer to the operations manual. Some key issues are discussed 
below: 

l A complete spare instrument should be available whenever field operations 
require volatiles monitoring. 

l Spare parts should be on hand so minor repairs may be made in the field. 

l Batteries should be charged daily. 

l Occasionally allow the batteries to totally discharge before recharging to 
prevent battery memory from occurring. 

OVM.DOC Revised 10/31/96 2 



STANDARDOPERATINGPROCEDURE 

Close Support Laboratory Method for 
Analysis of Chlorinated Volatiles in 
Soil 

I. Scope and Application 
This method is proposed for field screening of soil and solid samples for chlorinated 
volatile hydrocarbons. It is presented as a means to rapidly cha.racterize.con.tami- 
nation in soil samples. 

Application of this method is limited to screening analysis of soil for the target 
constituents listed in the field sampling plan. The chromatographic record 
produced in the analyses allows the site investigation team to examine the relative 
degree of soil contamination associated with other nontargeted compounds in the 
sample extracts. Positive identification and quantification of specific constituents 
wilI be supported by analyses of duplicate and other cornposited samples at a 
remote CLP laboratory employing EPA approved testing protocols. 

Preliminary method validation data indicates analysis recoveries of upwards of 80 
percent. 

The method detection limits (MDL) for the target constituents are estimated to be 
10 ug/kg. These estimates are the result of previous method development work. 

II. Summary of Method 
The methods presented here are loosely based on EPA Method 3550, sonification 
extraction, found in the EPA SW846, Test Methods& Evaluating Solid Waste, 3rd ed., 
November 1986. In brief, pentane is used in conjunction with sonification to effect 
extraction of the target constituents from the sample matrix. The extract is sub- 
sequently analyzed on a capillary gas chromatograph using an electron capture 
detector (ECD). 

III. Interferences 
Samples containing compounds that co-elute with the target constituents may cause 
a positive bias in the results. 

The presence of compounds that closely match the retention times of the target 
constituents may result in false identifications. 

The MDLs for the target constituents may be suppressed by baseline noise 
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associated with samples having high levels of background organics or other 
interferences. 

The response factors for uncalibrated peaks that are significantly different than 
those of the target constituents may produce errors in the estimation of the total 
target constituent contamination. 

IV. Safety 
The target constituents are either identified as or suspected of being carcinogens. 
All samples are assumed to be hazardous. All stock and working calibration 
standards, as well as all samples, shall be handled with the utmost care using good 
laboratory techniques in order to avoid harmful exposure. 

Lab analysts shall wear lab coats, safety glasses, and surgical gloves at all times 
when preparing and handling standards and field and lab samples. 

Standards and samples shall be prepared in a fume hood. 

Pentane (GH12) is regulated by NIOSH. The suggested permissible exposure level 
(PEL) is 120 ppm with a ceiling level of 610 ppm. Exposure pathways are oral, 
dermal, and airway. Effects of short term exposure are drowsiness and irritation of 
eyes and nose, large doses may cause unconsciousness. Prolonged overexposure 
may cause irritation of the skin. The odor threshold of n-pentane is reported as 
2.2 ppm. Pentane is highly fl ammable and is incompatible with strong oxidizing 
agents. 

Sample extracts and standards prepared in flammable solvents shall be stored in a 
cooler (outside the laboratory). 

All of the target compounds are reported in the NIOSH manual as having “good 
warning properties.” Any situation which leads to or causes noticeable odors or 
produces any physical symptoms in the workers shall be investigated immediately 
followed by appropriate corrective action. 

The ultrasonic sonicator used for sample extraction emits a high frequency sound. 
When in use, the sonicator horn shall be inside the sound chamber with the door 
closed. 

Safety equipment including a fire extinguisher, first aid kit, eye wash, and chemical 
spill cleanup kit shall be available for use at all times. 

Lab wastes shall be separated and properly disposed. The wastes include: used 
sample ahquots initial wash water, chemical wastes generated in the analysis, and 
disposables used in the preparation of the samples. These wastes shall be collected 
and deposited in a drum clearly marked as “CSL Lab Wastes Only-Hazardous.” 
Water used for final rinsing of glassware will be considered nonhazardous and will 
be released into a 50 gallon drum. These wastes will then be disposed of in 
accordance with the appropriate and relevant disposal method. 
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V. Apparatus and Materials 
Soil sampling equipment as described in the Quality Assurance Project Plan. 

Volatiles sample vials (i.e., 40 ml capacity with septum screw caps). 

Balance-Sartorius top loading electronic with 1,500 gram capacity with 0.01 gram 
sensitivity. 

Glassware-class A volumetric pipets and flasks, beakers, vials, Pasteur pipets, and 
miscellaneous glassware as necessary for preparation and handhng of samples and 
standards. 

Labware-necessary for preparation and handling of samples and standards. 

Syringes-Hamilton glass type as required for injection of sample extracts and 
standards, preparation ofdilutions, and spiking of samples. 

Sonifier-Heat Systems Ultrasonic Sonicator with variable control up to 375 watt 
output and watercooled cup horn. 

Gas chromatograph (GC)-Hewlett-Packard Model 5890A; temperature 

progra mming, electronic integration, report annotation, automatic sampler, 30-meter 
megabore capillary column (DB-1,1.50 micron film thickness), and ECD. 

, -.. 
VI. Chemicals, Reagents, and Gases 

Pentane-spectra grade, 99.9 percent. 

Sodium sulfate-reagent grade, anhydrous powder form. 

Stock standards-prepare or purchase stand materials at approximately 1,000 mg/L 
in methanol. 

Working standards-prepared from stock standards by precise dilution in pe:ntane. 

Nitrogen-carrier gas, prepuried grade. 

VII. Calibration 
External calibration-four-level calibration at approximately 10.0, 1.0, 0.1, and 
0.01 pg/ml for the target constituents in pentane. 

Working calibration-working calibration shall be performed with the analysis of 
each working day’s lot of samples or with each lot of 20 samples, whichever is more 
frequent. Working calibration shall be verified by use of a mid-range standard mix. 
If the response factors and retention times vary by more than f 15 percent or f 0.10 
minutes from the initial calibration, then recalibration shall be performed on freshly 
prepared working standards. 
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VIILSample Preparation and Extraction 
Place a labeled vial on the top loading balance and record its tare weight. Add an 
aliquot of soil, approximately 5 grams to the vial and accurately record the soil 
sample weight to the nearest 0.01 grams. 

Sample treatment: If the sample is wet or a highly consolidated material (i.e, clay), 
then add about 2 grams of sodium sulfate and mix using a glass rod. 

In a labeled VOA vial, volumetrically pipet 5.0 ml of pentane (Section 6.8) and 
record the volume added. 

With the VOA vial cap tightly in place, sonicate at an output setting of 30 percent for 
approximately 5 minutes. The resulting sonicated sample should be dispersed 
throughout the pentane solvent and have a grain-like appearance. If not, then add 
an additional 1 gram of sodium sulfate and resonify. Repetitions of this’process may 
be needed to properly extract some samples. 

After sonication, let the VOA vial stand until the solids have settled. Using a 

Pasteur pipet, transfer a suitable aliquot of the pentane solvent (extract) from the 
vial into a labeled GC auto-sampler vial and cap immediately with septum crimp 
seals. Refrigerate the sample extracts until analyzed. 

IX. Analysis 
Perform GC analysis on the extract. 

If the analysis indicates that the results are more than 50 percent above the cali- 
bration range, dilute the sample extract such that concentrations fall within the 
calibration range. 

Check the retention values for each of the target constituents against the expected 
(calibration) value. Flag those results where the retention time does not fall within 
it 0.05 minutes of the expected value. Reject those results where the retention time 
does not fall with f 0.10 minutes of the expected value. 

Use the retention time marker as an indicator of the reliability of each sample 
injection and GC run. The retention time marker should fall within the same 
windows as the target constituents and should be within * 15 percent area counts of 
its initial calibration value. If these criteria are not met, m-evaluate the data using 
relative retention times. Reruns should occur to resolve data suspicions. 

X. Calculations 
Quantification of the target compounds is based on the integrated areas of samples 
in comparison to the integrated areas of the calibration standards for each analyst. 
The integrator reports the concentrations in ug/rnl in the extracts. Calculation of the 
concentration for each target constituent in the original sample on an as received 
basis is as follows: 
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cont. in ug/kg = ((A x Vt x DF)/ Ws) x 1000 

where: 

A = amount of target constituent found in the extract in ug/ml 

Vt = volume of solvent added to the VOA vial, 5.0 ml (Section 8.1) 

DF = dilution factor, if required (Section 10.2) 

1,000 = dimensional correction factor 

ws = weight of the sample added to the VOA vial in grams (Section 8.1) 

Xl. Quality Assurance 
Quality assurance measures shall include as a rninimum: 

l Daily mid-range calibration checks performed prior to the analysis of each 
day’s lot of samples or with each lot of 20 samples, whichever is morme 
frequent. 

l Analysis of field blank samples at a frequency of 1 in 20 samples analyzed or 
l/day, whichever is more frequent. 

l Analysis of laboratory blank samples at the same frequency. Should the 
results of the laboratory blanks show contamination, the cause of the 
contamination should be investigated and corrective action taken. 

l Analysis of field duplicate samples at a frequency of 1 in 20 samples or 
l/day, whichever is more frequent. 

l Analysis of a mid-range matrix spike samples and a matrix spike duplicate at 
a frequency of 1 in 20 samples analyzed or l/day, whichever is more 
frequent. 

l Use of the retention time marker during the analysis of all samples and 
standards. 
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STANDARDOPERATINGPROCEDURE 

Close Support Laboratory Method for 
Analysis of Semivolatile Organics in 
Soil 

de.., 

I. Scope and Application 
This method is proposed for field screening of soil and solid samples for volatile 
hydrocarbon parameters that are indicative of contamination at the site. It-is presented 
as a means to rapidly characterize contamination in soil samples. 

Application of this method is limited to screening analysis of soil for the target 
constituents listed in the field sampling plan The chromatographic record produced 
in the analyses dews the site investigation team to examine the relative degree of soil 
contamination associated with other nontargeted compounds in the sample extracts. 
Positive identification and quantification of specific constituents, such as these 
constituents and other priority pollutants, will be supported by analyses of duplicate 
and other cornposited samples at a remote CLP laboratory employing EPA approved 
testing protocols. 

Prehminary method validation data indicates analysis recoveries of upwards of 
80 percent. 

The method detection limits (MDL) for the target constituents are estimated to be 
1 ug/gm. These estimates are the result of previous method development work. 

II. Summary of Method 
The methods presented here are loosely based on EPA Method 3550, sonification 
extraction, found in the EPA SW846, Test Methodsfbr Evafuatiing SuIid Waste, 3rd ed., 
November 1986 and “Screening of Semivolatile Organic Extracts” found in the CLP 
Statement ofWork (2/88). In brief, methylene chloride is used in conjunction with 
sonification to effect extraction of the target constituents from the sample matrix. The 
extract is subsequently analyzed on a capillary gas chromatograph using a flame 
ionization detector (FID). 

Ill. Interferences 
Samples containing compounds that co-elute with the target constituents may cause a 
positive bias in the results. 

The presence of compounds that closely match the retention times of the target 
constituents may result in false identifications. 
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The MDLs for the target constituents may be suppressed by baseline noise associated 
with samples having high levels of background organ& or other interferences. 

The response factors for uncalibrated peaks that are significantly different than those 
of the target constituents may produce errors in the estimation of the total target 
constituent contamination. 

IV. Safety 
The target constituents are either identified as or suspected of being carcinogens. All 
samples are assumed to be hazardous. All stock and working calibration standards, as 
well as all samples, shall be handled with the utmost care using good laboratory 
techniques in order to avoid harmful exposure. 

. 

Lab analysts shall wear lab coats, safety glasses, and surgical gloves at all times when 
preparing and handling standards and field and lab samples. 

Standards and samples shall be prepared in a fume hood. 

Methylene chloride (MeCl2), used in the preparation of sample extracts, is regulated by 
OSHA and described in NIOSH/OSHA manual, Occupational Health Guidelines for 
Chemical Hazards, 1981. The MeCl2 permissible exposure level (PEL) is 500 ppm in 
air over an 8 hour period. Its odor threshold is between 25 and 50 ppm. Exposure 
pathways are oral, dermal, and airway. Effects of short term exposure are reported to 
be mental confusion, lightheadedness, nausea, vomiting, and headaches. High 
concentrations may cause irritation of the eyes and respiratory tract. Prolonged 
exposure may cause skin bums. MeCl2 is nonflammable. 

Sample extracts and standards prepared in flamma ble solvents shall be stored in a 
cooler (outside the laboratory). 

The ultrasonic sonicator used for sample extraction emits a high frequency sound. 
When in use, the sonicator horn shall be inside the sound chamber with the door 
closed. 

Safety equipment including a fire extinguisher, first aid kit, eye wash, and chemical 
spill cleanup kit shall be available for use at all times. 

Lab wastes shall be separated and properly disposed. The wastes include: used 
sample aliquots initial wash water, chemical wastes generated in the analysis, and 
disposables used in the preparation of the samples. These wastes shall be collected 
and deposited in a drum clearly marked as “CSL Lab Wastes Only-Hazardous.” 
Water used for final rinsing of glassware will be considered nonhazardous and will be 
released into a 50 gallon drum. These wastes will then be disposed of in accordance 
with the appropriate and relevant disposal method. 

V. Apparatus and Materials 
Soil sampling equipment as described in the Quality Assurance Project Plan. 
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Volatiles sample vials (i.e., 40 ml capacity with septum screw caps); precleaned as 
purchased from a vender. 

Balance-Sartorius top loading electronic with 1,500 gram capacity with 0.01 gram 
sensitivity. 

Glassware-class A volumetric pipets and flasks, beakers, vials, Pasteur pipets, and 
miscellaneous glassware as necessary for preparation and handling of samples and 
standards. 

Labware-necessary for preparation and handling of samples and standards. 

Syringes-Hamilton glass type as required for injection of sample extracts and 
standards, preparation of dilutions, and spiking of samples. 

Sonifier-Heat Systems Ultrasonic Sonicator with variable control up to 375 watt 
output and water cooled cup horn. 

Gas chromatograph (GC)-temperature progr amming, electronic integration, report 
annotation, automatic sampler, 30-meter megabore capillary column (DE1, 1.50 
micron film thickness), and FID. 

Refrigerator/freezer-complete with locks as needed for storage and controlled access 
to samples and sample extracts. 

. 

VI. Chemicals, Reagents, and Gases 
Methylene chloride-spectra grade, 99.9 percent. 

Sodium sulfate-reagent grade, anhydrous powder form. 

Stock standards-prepare or purchase stand materials at approximately 1,000 mg/L in 
Me& 

Working standards-prepared from stock standards by precise dilution in pentane. 

Nitrogen-carrier gas, prepurified grade. 

Hydrogen-FIJI gas, pm-purified grade. 

Air-FID gas, zero grade. 

VII. Calibration 
External calibration-four-level calibration at approximately 100, 10, and 1 ug/ gm for 
the target constituents. 

Working calibration-working calibration shall be performed with the analysis of each 
working day’s lot of samples or with each lot of 20 samples, whichever is more 
frequent Working calibration shall be verified by use of a mid-range standard mix. If 
the response factors and retention times vary by more than 15 percent or 0.10 minutes 
from the initial calibration, then recalibration shall be performed on freshly prepared 
working standards. 
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VIII. Sample Preparation and Extraction 
In a labeled VOA vial, accurately weigh out approximately 5 grams of soil recording 
the weight to the nearest 0.01 gram. This should be done immediately after weighing 
to avoid potential losses of analytes. 

Sample treatment If the sample is wet or a highly consolidated material (i.e, clay), 
then add about 2 grams of sodium sulfate and mix using a glass rod. 

To the sample vial, volumetrically pipet 5.0 ml of methylene chloride (Section 6.8) and 
record the volume added. 

With the VOA vial cap tightly in place, sonicate at an output setting of 30 percent for 
approximately 5 minutes. The resulting sonified sample should be dispersed 
throughout the pentane solvent and have a grain-like appearance. If not, then add an 
additional 1 gram of sodium sulfate and resonify. Repetitions of this process may be 
needed to properly extract some samples. 

After sonification, let the VOA vial stand until the solids have settled. Using a Pasteur 
pipet, transfer a suitable aliquot of the pentane solvent (extract) from the vial into a 
labeled GC auto-sampler vial and cap immediately with septum crimp seals. 
Refrigerate the sample extracts unul use. 

IX. Analysis 
Perform GC analysis on the extract. 

If the analysis indicates that the results are more than 50 percent above the calibration 
range, dilute the sample extract such that concentrations fall within the calibration 
range. 

Check the retention values for each of the target constituents against the expected 
(calibration) value. Flag those results where the retention time does not fall within 
0.05 minutes of the expected value. Reject those results where the retention tune does 
not fall with 0.10 minutes of the expected value. 

Use the retention time marker as an indicator of the reliability of each sample injection 
and GC run. The retention time marker should fall within the same windows as the 
target constituents and should be within 15 percent area counts of its initial calibration 
value. If these criteria are not met, m-evaluate the data using relative retention times. 
Reruns should occur to resolve data suspicions. 

X. Calculations 
Quantification of the target compounds is based on the integrated areas of samples in 
comparison to the integrated areas of the calibration standards for each analyst. The 
integrator reports the concentrations in 

ug/m.l in the extracts. Calculation of the concentration for each target 
constituent in the original sample on an as received basis is as follows: 
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cont. in ug/ gm = (A x Vt x DF)/ Ws) 

where: 

A = amount of target constituent found in the extract in ug/ ml 

vt = volume of solvent added to the VOA vial, 5.0 ml (Section 8.1) 

DF = dilution faction, if required (Section 9.2) 

ws = weight of the sample added to the VOA vial in grams (section 
8.1) 

Xl. Quality Assurance 
Quality assurance measures shall include as a minimum: 

. Daily mid-range calibration checks performed prior to the analysis of each 
day’s lot of samples or with each lot of 20 samples, whichever is more frequent. 

l Analysis of field blank samples at a frequency of 1 in 20 samples analyzed or 
l/day, whichever is more frequent 

l Analysis of laboratory blank samples at the same frequency. Should the results 
of the laboratory blanks show contamination, the cause of the contamination 
should be investigated and corrective action taken. 

l Analysis of field duplicate samples at a frequency of 1 in 20 samples or l/day, 
whichever is more frequent. 

0 Analysis of a mid-range matrix spike samples and a matrix spike duplicate at a 
frequency of 1 in 20 samples analyzed or l/day, whichever is more frequent. 

l Use of the retention time marker during the analysis of all samples and 
standards. 
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STANDARDOPERATINGPROCEDURE 

Close Support Laboratory Method for 
Analysis of PCBs in Soil Using a GC- 
ECD 

. 

Target Constituents 
Polychlorinatedbiphenyls (PCBs) 

Sample Matrix 
soil 

Sample Preparation 
Hexane Extraction/ Perchlorination 

Instrumental/Physical Method 
Automated Sampler/Gas Chromatography 

Method of Detection 
Electron Capture Detector 

Detection Level 
The method detection limits (MDL) for PCBs are estimated to be 100 ug/kg. In general, the 
detection level is a function of sample matrix, sample preparation, and instrument 
performance. 
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I. Scope and Application 
This procedure may be used for screening soil samples for polychlorinated 
biphenyls (PCBs). This procedure is applicable to samples containing PCBs as single 
congeners or as complex mixtures such as weathered, intact, or mixtures of 
commercial Aroclors. The procedure is incapable of identifying the parent PCBs 
because the original PCBs are chemically converted to a common product, 
decachlorobiphenyl (DCB) . 

This method is prone to false positive interferences. Positive identification and 
quantification of specific constituents, such as individual Arochlors, should be 
supported by analyses of duplicate and other cornposited samples at a laboratory 
employing agency-approved or published testing protocols. 

Preliminary method validation data indicate analysis recoveries of 90 percent. 

The method detection limit (MDL) is estimated to be 100 ug/kg for PCBs. 

II. Summary of Method 
The soil extraction and analysis is based on EPA Method 508A, Screening for 
Polychlorinated Biphenyls by Perchlorination and Gas Chromatography. 

Ill. Interferences 
In addition to PCBs, several compounds (biphenyl, polyhalogenated biphenyls, 
hydrogenated biphenyls) will form DCB with varying yields when extracted and 
perchlorinated according to this procedure. If such compounds are present in the 
extract, false positive or positively biased data could be generated. 

Samples containing compounds that co-elute with the target constituent may cause a 
positive bias in the results. 

The presence of compounds that closely match the retention times of the target 
constituent may result in false identifications. 

The MDLs for the target constituent may be suppressed by baseline noise associated 
with samples having high levels of background organics or other interferences. 

IV. Safety 
All stock and working calibration standards, as well as all samples, shall be handled 
with the utmost care using good laboratory techniques in order to avoid harmful 
exposure. 

SbCL is a corrosive reagent that reacts violently with water. This compound must 
be used with extreme caution. All operations involving the pure reagent must be 
performed in a hood. 

Lab analysts shall wear lab coats, safety glasses, and vinyl gloves at all times when 
preparing and handling standards, field samples, and lab samples. 

Standards and samples shall be prepared in a fume hood. 
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n-Hexane (GHi4) is regulated by NIOSH. The suggested Threshold Limit Vadue 
(TLV) is 50 ppm, and the Permissible Exposure Level (&hour PEL) is 50 ppm. 
Exposure pathways are oral, dermal, and airway. Exposure is harmful and may be 
fatal. Overexposure may be irritating to the respiratory tract and, in high 
concentrations, narcotic. Hexane has a faint, peculiar odor. Hexane is highly 
flarnmable and is incompatible with active metals and strong alkaline solutions. 

Safety equipment including a fire extinguisher, first aid kit, and eye wash shall be 
available for use at all times. 

Lab wastes shall be separated and properly disposed. The wastes include: unused 
soil samples, sample extracts, unused reagents, small quantities of alcohol waste 
generated by standard preparations and syringe rinsing, and water for cleaning 
glassware. Unused soil samples are placed in CSL waste drums labeled specifically 
for soil jars. Unused samples are held by the CSL for seven days before disposal. 
Sample extracts will be combined in a carboy labeled waste solvents, the solvent 
volume will be reduced under nitrogen, and finally disposed with the other site- 
related organic solvents. Unused reagents will be properly labeled and landfilled. 
Water used for final rinsing of glassware will be considered nonhazardous and will 
be either be disposed at the facility, or d rummed and disposed with the decon 
water. 

V. Apparatus and Materials 
Soil sampling equipment-described in “Field Sampling Plan.” 

Glassware-class A volumetric pipets and flasks; beakers, vials, Pasteur pipets, and 
miscellaneous glassware as necessary for preparation and handling of sampl.es and 
standards. 

Labware-necessary for preparation and handling of samples and standards. 

Syringes-Hamilton glass type as required for injection of sample extracts and 
standards, preparation of dilutions, and spiking of samples. 

Gas chromatograph (GC)-a temperature programmable oven operated from 150°C 
to 280°C with a 530uM 30M SPB-5 1.5uM capillary column, split/splitless inlet, and 
ECD. 

Autosampler 

Computer System-at least 486 25 MHZ, with accompanying monitor and prmter. 
The computer must contain the following software: HP Chemstation, Windows, and 
Excel. 

Laboratory fume hood, absorbing type is acceptable. 

Top-loading analytical balance with 10 mg resolution and 200 gram capacity. 

VI. Chemicals, Reagents, and Gases 
Stock standards-Purchase standard materials at a concentration of approximately 

2 mg/ml in methanol. 
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VII. 

Working standards-prepared from stock standards by precise dilution in water. 

Ultra Pure Carrier Grade Nitrogen-for use as makeup gas. 

Ultra Pure Carrier Grade Helium-for use as carrier gas. 

Antimony pentachloride-perchlorination reagent (>98%), distilled under vacuum. 

Hexane-pesticide grade 

Iron Power-analytical grade, 299.1% pure. 

Sodium sulfate-AC3 granular, anhydrous. 

Hydrochloric Acid-reagent grade. 

Calibration and Standard Verification 
Initial calibration-Five-level calibration at approximately 2,4,10,25 and 60 mg/L for 
decachlorobiphenyl. These concentrations define the linear calibration range of the 
instnunent. 

The calibration curve should be validated by the analysis of a laboratory control sample 
(LCS). The LCS must be obtained from an independent, EPA authorized, second source. 
The LCS will verify the concentration of the standards used to obtain the initial calibration. 

Continuing calibration-The continuing calibration standard (CCV) should be selected from 
the initial calibration standards, and it should be the standard that is closest to the mid 
point of the calibration range. The working calibration curve for each analyte must be 
verified daily by the analysis of a continuing calibration standard. The ongoing daily 
continuing calibration must be compared to the initial calibration curve to verify that the 
operation of the measurement system is in control. A day is defined as 24 hours from the 
start run tune of the last valid continuing calibration. 

For each analyte, calculate the percent difference of the continuing calibration from the 
initial curve using the following equation: 

% D = 
[ RRF,- RRF] _ 100 

=ln 

Where: 

RRF, = the mean response from the initial calibration curve 

RRF = the daily response from the continuing calibration standard 

The acceptance criterion for this screening method’s continuing calibration is 40 percent D. 
If one of the target analytes that exceeded the 40 percent D criteria is detected in a sample, 
then a new calibration of the instrument must be performed for that target analyte, and the 
sample must be reanalyzed after a valid initial calibration is achieved. If the acceptance 
criteria are achieved, the calibration curve can be used to calculate the results of sample 
analyses. 
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Sample results for any target analyte can only be reported if the initial and continuing 
calibrations are valid. 

Surrogate Recovery-Hexabromobiphenyl (HCB) shall be used as a surrogate. The 
surrogate compound shall be used as a retention marker. Retention time shifts greater than 
0.2 minutes shall require corrective action. 

Prepare secondary dilutions of the surrogate compound. This spiking solution must be 
added to all standards, blanks (except the instrument blanks), and samples. The surrogates 
must be at a concentration which provides a response similar to the response of the target 
analytes in the mid point standard used for continuing calibration. 

Laboratory check standard (LCS)-The LCSs are to be obtained from the EPA or an :EPA 
approved vendor. The LCSs must be prepared independently from the standards used for 
initial and continuing calibration standards. 

Prepare and analyze a LCS at the beginning of each work day. For each parameter, 
calculate the percent recovery. AU parameters in the LCS should be recovered 
within the precision requirements of the project (50 to 150 percent). If any 
parameter exceeds this criterion, then a new calibration curve should be estaiblished. 
Sample results for a target analyte can only be reported if the initial calibration of 
the instrument is valid. 

VIII. Sample Preparation and Extraction 

A. General 

1. Log balance calibration with 0.10 gram, 1 gram and 10 gram 
standards. 

2. 

3. 

4. 

Enter the samples to be prepared into the sample prep logbook. 

Prelabel all sample vials using a permanent marker. 

Record preparation for all BLKs, LCSs, CCVs, and samples in sample 
prep log book. Each page of the log book should contain the 
following columns; Lab #, sample wt. (gram), final volume (rnL), 
dilution, Prep by, and Prep date. 

B. Instrument blank preparation procedure 

1. Prelabel an autosampler vial “IBLK-dateseq” (i.e., IBLK-082801). 
Assure from sample preparation log and standards log that the seq # 
is unique (i.e., If IBLK 0828-01 is already used name it IBLK 0828-02). 
Fill the autosampler vial three-quarters full with hexane, do not add 
the surrogate, cap, and inject onto the GC system as would occur with 
a field sample. NOTE: This sample is not passed through the 
extraction procedure. 
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C. Reagent blank preparation procedure 

1. Prelabel centrifuge vial “RBLK-dateseq.” Add 10 mL of hexane to the 
vial, add 10 PL of the surrogate solution (200 ug/mL HCB in hexane) 
with a syringe under the hexane surface and quickly cap the vial. 

Pass this sample through the entire procedure as if it was a field 
sample. 

D. Laboratory control sample (LCS) preparation procedure 

1. Prelabel a centrifuge vial “LCS-dateseq.” Weigh approximately 1 
gram of control sample matrix into the vial, add 5 UL of LCS solution 
by placing syringe needle under soil and dispensing solution. 
Quickly add 10 mL hexane and 10 UL of surrogate. Quickly cap vial. 

Pass this sample the entire procedure as if it was a field sample. 

E. Continuing calibration verification standard preparation 
procedure 

1. Prelabel a centrifuge vial “CCV-dateseq.” Add 10 mL hexane, 10 UL 
surrogate, and quickly add 20 UL of the spiking standard (a 50 
ug/mL mixture of PCB 1254 and 1260 in hexane). Quickly cap vial. 

Pass this sample through the entire procedure as if it was a field 
sample. 

F. Method blank preparation procedure 

1. Prelabel HS vial “MBLK-dateseq.” Weigh 1 gram of control soil 
sample into a centrifuge vial. Add 10 mL of hexane to vial, add 1 
gram of sodium sulfate, add 10 UL of surrogate solution (200 ug/mL 
HCB in hexane) with syringe under the hexane surface. Quickly cap. 

Pass this sample the entire procedure as if it was a field sample. 

G. Matrix spike/matrix spike duplicate preparation procedure 

1. Weigh approximately 1 gram of sample into a prelabeled centrifuge 
vial. Attempt to use the same weight of sample as used for the 
non-spiked sample. 

2. Add 20 ul of the spiking standard solution by placing syringe needle 
under the soil surface and dispensing solution. Quickly add 10 mL of 
hexane and 10 UL surrogate. Quickly cap vial. 

Pass this sample through the entire procedure as if it was a field 
sample. 

H. Field Sample 

1. Accurately weigh approximately 1 g of soil into a centrifuge tube 
containing 1 g of sodium sulfate, conditioned at 400°C for 4 hours. 
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2. Add 10 ml of pesticide grade hexane 10 ul of surrogate solution, and 

shake/vortex for 1 minute. Allow the sodium sulfate and soil to 
settle to the bottom. 

3. Transfer a 300 ul aliquot to a 13 mm x 100 mm tube and reduce under 
dry nitrogen to approximately lo-25 ul. 

4. Immediately, and rapidly add 0.2 ml of distilled animony 
pentachloride and cap the tube. The sample should remain light 
yellow after this addition, but if the sample turms dark brown or 
black, it must be discarded and another aliquot of that sample used. 

5. Place the samples in a 160°C sand bath for three hours. Remclve from 
the bath and cool to room temperature. 

6. To each sample add dropwise 0.5 ml of 20% hydrochloric acid. This 
mixture is then extracted 3 times with 3 ml of n-hexane. Each extract 
is passed through a funnel containing approximately 0.5 g of 
anhydrous sodium sulfate into a 10 ml volumetric flask. 

7. If the sample is obviously contaminated and experience has slhown 
similar extracts to contain high levels of contamination, it is 
recommended that a preliminary dilution be prepared to avoid 
grossly contaminating the gas chromatograph. 

IX. Analysis 
Perform GC analysis on the extract using the instrument conditions similar to those 
listed in Attachment 1. 

If the analysis indicates that the results are more than 50 percent above the 
calibration range, prepare a dilution of the sample to yield concentrations that fall 
within the calibration range. 

Check the retention times for decachlorobiphenyl against the expected (calibration) 
value. Reject those results where the retention time does not fall with 0.2 tinutes of 
the expected value. 

X. Calculations 
Quantification of the target compounds is based on the integrated areas of the 
samples in comparison to the integrated areas of the calibration standards for each 
analysis. The integrator reports the concentrations in points per billion (ppb) in the 
extracts. Calculation of the concentration for total PBCs in the original sample is as 
follows: 

Cont. in ug/kg = A X Vt X 33.33 X DF 
ws 

Where: 

A = Amount of target constituent found in ug/l. 

CSLPCB-S.Doc Revised 10/31/96 2.47 



Vt = Volume of the hexane in liters. 

ws = Weight of the sample added in kilograms. 

33.33 = Dilution factor of 0.3 ml aliquot brought to 10 ml. 

DF = Dilution Factor if required. 

Quality Assurance 
Quality assurance measures shall include as a minimum: 

. Daily continuing calibration performed before the analysis of each day’s 
samples. The linear calibration range of the instrument must be determined 
before the analysis of any samples. The instrument must be calibrated using 
the same instrument conditions that are used to analyze the samples. 
Prepare groundwater calibration standards at a minimum of five concen- 
tration levels for each parameter analyzed. The concentrations of the 
standards should bracket the linear range of the instrument. The CCV 
recovery shall recover within 50% and 150% of known concentration. If 
these limits are exceeded the instrument shaU be reinitial calibrated. 

0 Daily LCS performed before the analysis of each day’s samples. The 
instrument calibration must be confirmed with a LCS before the analysis of 
any samples. This sample must be analyzed using the same instrument 
conditions that are used to analyze the samples. If the LCS recoveries are 
less than 50% or greater than 150%. If these limits are exceeded the 
instrument shall be reinitial calibrated. 

l Daily analysis of an instrument blank, performed before the analysis of each 
day’s samples. If the results of the instrument blank show contamination, the 
cause of the contamination should be investigated and corrective action 
taken. 

. Daily analysis of a reagent blank, performed before the analysis of each day’s 
samples. If the results of the reagent blank show contamination, the cause of 
the contamination should be investigated and corrective action taken. 

l Analysis of a method blank. A method blank is to be performed at a 
frequency of one in 20 samples of the same matrix. A method blank must 
contain no greater than five times the stated MDL of blank contaminants. 
For all other volatile compounds, the method blank must contain less than 
the stated detection limit. If the method blank exceeds these criteria, the 
laboratory must consider the analytical system out-of-control. Appropriate 
corrective actions must be taken and documented before further sample 
analysis. 

Contamination by carryover can also occur when high-level and low-level 
samples are analyzed in sequence. To reduce the possibility of carryover, 
disposable headspace vials are used only once and only after being baked at 
70435°C and samples are weighed directly into the headspace vials. Also, 
frequent baking and purging of the entire system may be required. For 
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samples thought to contain high concentrations of any volatile analyte, an 
organic free water blank should be analyzed immediately afterwards to 
verify that the analytical system is clean before the analysis of other samples. 
All sample analytical results following a high level sample must be ex.amined 
for the possibility of carryover. If target analytes are found in the samples 
that are common to a previously analyzed high sample, the samples may be 
re-analyzed after it is demonstrated that the analytical system is clear by 
analysis of blanks. Method blanks are tested immediately after matrix spikes 
to demonstrate that the system is not prone to carryover. 

The results of blank analyses must be reviewed before results for samples are 
reported. The blank results should not be subtracted from the sample 
analytical results. 

0 Surrogate recoveries from every sample will be calculation, if surrogate 
recoveries are less than 50% or greater than 150% the sample will‘be 
reanalyzed. 

0 Analyses of mid-range matrix spike and matrix spike duplicate samples at a 
frequency of one in 20 samples of the same matrix. If MS/MSD recoveries 
are less than 50% or greater than 150% the samples associated with this data 
set will be qualified as estimated and flagged with a “J” on the results 
spreadsheet. 
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STANDARDOPERATINGPROCEDURE 

Volatiles Monitoring with an OVA 

,d .-.* 

I. 

II. 

Ill. 

Purpose and Scope 
The purpose of this procedure is to provide guidelines for the calibration and use of 
an OVA Organic Vapor Analyzer. 

Equipment and Materials 
0 Operations manual 
l An OVA hand readout unit and side pack assembly 
l 100 ppm methane as calibration gas 
l T-type feeder tube with 1.5 liter/&. regulator 

Procedures and Guidelines 
ONLY PROPERLY TRAINED PERSONNEL SHOULD USE THIS INSTRUMENT. 
FOR SPECIFIC INSTRUCTIONS, SEE OPERATIONS MANUAL. 

OVA, Organic Vapor Analyzer 

1. Introduction 

The OVA Organic Vapor Analyzer is designed to detect organic materials in 
air. It uses a flame-ionization detector (FID) as its detection principle. This 
detector allows the monitor to respond to a wide variety of organic 
compounds. 

2. Operational Checks 

3. 

l See OVA Operators Manual included with instrument. 

Calibration 

l See OVM Operators Manual included with instrument. 

IV. Key Checks and Preventative Maintenance! 
l Check battery. 
l Zero and calibrate. 
l Verify sensor probe is working. 
l Recharge unit after use. 

A complete preventative maintenance program is beyond the scope of this document. 
For specific instructions, refer to the operations manual. 
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l A complete spare instrument should be available whenever field operations 
require volaliles monitoring. 

l Spare parts should be on hand so minor repairs may be made in the field. 

l Bat&es should be charged daily. 

l Occasionally allow the batteries to totally discharge before recharging to prevent 
battery memory from occurring. 
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STANDARDOPERATINGPROCEDURE 

Field Measurement of Organic Vapors Using an 
HNU 

I. Purpose 
To provide general guidelines for the calibration and use of the HNU photoionization 
detector. 

II. Scope 
This is a broad guideline for the field use of an HNU. For specific instructions, refer to 
the operations manual. 

III. Equipment and Materials 
0 Operations manual 

0 An HNU readout/control unit and photoionization probe (either 10.2 or 11.7 
eV depending on requirements) with fully charged battery pack 

. Chargingunit 

0 A cylinder of calibration gas, typically 100 ppm isobutylene in air 

0 A regulator for the calibration gas cylinder 

l A short length of 1/8th-inch tube to transfer calibration gas from the cylinder 
to the HNU probe (as short as possible) 

IV. Procedures and Guidelines 
ONLY PROPERLY TRAINED PERSONNEL SHOULD USE THIS INSTRUMENT. 
FOR SPECIFIC INSTRUCTIONS, SEE OPERATIONS MANUAL. 

A. CALIBRATETHEHNU 

1. 

2. 

3. 

4. 

5. 

Identify the probe by lamp model. 

Connect the sensor/probe to the readout/control unit. 

Perform a battery check by turning the ftmction switch to “Batt.” 

Turn function switch to “Standby” and set the readout to zero iby 
turning the zero knob. 

Hold the sensor/probe to your ear to verify that it is powered. A faint 
humming sound will be heard. 
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6. 

7. 

Set the range to the appropriate setting. 

Connect the tube from the calibration gas cylinder to the end of the 
probe and open the valve on the calibration gas cylinder. 

8. Sample the calibration gas and adjust to the proper reading with the 
span control knob. 

9. If calibration cannot be achieved, disassemble the sensor/probe 
assembly and clean lamp. If the span knob setting is at the end of the 
span range, unit must be serviced by qualified personnel. 

B. SAMP~GWITHTHEHNu 

1. Once calibration is complete, unit is ready for sampling. When not in 
use, set function knob to “Standby.” 

2. When done for the day, turn unit off and disconnect the sensor/probe. 

3. Charge the battery overnight (complete recharge takes 14 hours). 

4. For preventive maintenance, refer to instruction manual. 

V. Attachments 
HNU calibration sheet 

VI. Key Checks and Items 
0 Check battery. 
l Zero and calibrate. 
l Verify sensor probe is working. 
l Recharge unit after use 
. Select the probe suitable for the monitoring required. 

VII. Preventive Maintenance 
A complete preventive maintenance program is beyond the scope of this document. 
For specific instructions, refer to the operations manual. Some key items are discussed 
below: 

0 A complete spare HNU should be available on site whenever field operations 
require this instrument. 

0 A spare lamp should be on hand so a defective unit can be changed without 
returning the unit. 

. Occasional cleaning of the lamp should be performed as needed. 

0 Charge batteries daily. 
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l Occasionally allow the batteries to totally discharge before recharging to 
prevent battery memory from occurring. 
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HNU Calibration Sheet 

Date Time 
Analyst 
Initials 

Uncalibrated Calibrated 
@ 10 ppm @ 10 ppm Comments 
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STANDARDOPERATINGPROCEDURE 

Bacharach Combustible Gas/Oxygen 
Meter and Personal Gas Monitor 

I. 

II. 

Ill. 

Purpose 
The purpose of this SOP is to provide general reference information for usinl3 the 
Bacharach Sentinel 4 and Bacharach Sniffer@ 503-A meters in the field. Calibration 

and operation, along with field maintenance, will be included in this SOP. 

Scope 
This procedure provides information into the field operation and general 
maintenance of the Sentinel 4 Sniffer and 503-A. Review of the information 
contained herein will ensure that this type of field monitoring equipment will be 
properly utilized. Review of the owner’s instruction manuals is a necessity for more 
detailed descriptions. 

Definitions 
Carbon Monoxide Sensor - Expresses the Carbon Monoxide concentration in parts 
per million @pm). 

Combustible Gas - Combustible gas is expressed as a percent of the lower explosive 
limit (LEL). 

Hydrogen Sulfide Sensor - Expresses the Hydrogen Sulfide concentration in parts 
per million (ppm). 

Oxygen Sensor - Expresses the Oxygen concentration as a percentage. 

ppm - parts per million: parts of vapor or gas per million parts of air by volume. 

Sentinel 4 - Combustible Gas/Oxygen/Hydrogen Sulfide/Carbon Monoxide meter. 

Sniffer 503-A - portable Combustible Gas and Oxygen Alarm instrument. 

IV. Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that project- 
specific plans are in accordance with these procedures, where applicable, or that 
other approved procedures are developed. The Project Manager is responsible for 
selecting qualified individuals for the monitoring activities. 
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Health and Safety Coordinator - The Health and Safety Coordinator is responsible 
for developing a site-specific Health and Safety Plan (HASP) which specifies air 
monitoring requirements. 

Field Team Leader - It is the responsibility of the Field Team Leader to implement 
these procedures in the field, and to ensure that the field team performing air 
monitoring activities have been briefed and trained to execute these procedures 
before the start of site operations. 

Site Safety Coordinator (SSC) - The SSC is responsible for ensuring that the specified 
air monitoring equipment is on site, calibrated, and used correctly by the field 
ersonnel. The SSC will coordinate these activities with the Field Team Leader. 

Field team - It is the responsibility of the field team to follow these procedures or to 
follow documented project-specific procedures as directed by the Field Team 
Leader/Site Safety Coordinator. The field personnel are responsible for. 
documenting all air monitoring results in the field logbook during each field 
investigation. 

V. Procedures 
The Sentinel 4 Personal Gas Monitor and Sniffer 503-A utilize the principle of 
detecting sensors. The following four paragraphs discuss theory of operation as it 
applies to each functional sensor. 

The combustible gas sensor uses two elements that are wound with a platinum wire. 
One of the elements is impregnated with a catalyst to oxidize combustible gases. 
The other element is impregnated with material that will also oxidize combustible 
gases, but will respond to temperature and humidity conditions. When the meter is 
turned on, an electrical current is passed through the elements and wires. As a 
combustible gas enters the chamber, the elements will oxidize the combustible gas, 
thus increasing the heat and resistance of the element. This change in resistance . 
causes a system imbalance, which produces a measurable signal proportional to the 
combustible gas concentration. 

The percent oxygen is measured utilizing an electrochemical sensor. As 
atmospheric oxygen enters the meter it diffuses into the sensor which converts the 
amount of oxygen in the sensor to a voltage signal. This voltage is directly 
proportional to percent oxygen in the atmosphere. 

The concentration of hydrogen sulfide is measured utilizing an electrochemical 
sensor. As atmospheric hydrogen sulfide enters the meter it diffuses into the sensor 
which converts the amount of hydrogen sulfide in the sensor to a voltage signal. 
This voltage is directly proportional to the atmospheric hydrogen sulfide 
concentration. 

The concentration of carbon monoxide as measured utilizing an electrochemical 
sensor. As atmospheric carbon monoxide enters the meter it diffuses into the sensor 
which converts the amount of carbon monoxide in the sensor to a voltage signal. 
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- %. / 
This voltage is directly proportional to the atmospheric carbon monoxide 
concentration. 

The Sentinel 4 Personal Gas Monitor and Sniffer 503-A are intrinsically safe for use 
in Class I, Division 1, Groups A, B, C and D hazard areas. One fact that needs to be 
expressed is that this type of monitoring equipment utilizes internal oxidation of 
combustibles, if the meter is placed in an oxygen deficient atmosphere, the combus- 
tible reading may be affected. Review of each of the instruction manuals wiB aid in 
determining the percentage of oxygen that affects the combustible gas readings. 

The following subsections will discuss Sentinel 4 and Sniffer 503-A calibration, 
operation, and maintenance. These sections, however, do not take the place of the 
instruction manual. 

A. Cali bration 
Sentinel 4 

Due to the numerous steps involved in calibration, it is recommended that you 
follow the calibration procedures (on a daily basis) as outlined in the instruction 
manual from pages 5-12 to 501 

I I. ,.-._ 

NOTE: A calibration kit will be provided for each Sentinel 4. This kit contains a 
cylinder for the combustible gas sensor, one cylinder for the hydrogen sulfidle 
sensor, and one cylinder for the carbon monoxide sensor. The oxygen sensor can be 
calibrated with (uncontaminated/fresh air environment) atmospheric air and does 
not need cylinder gas. 

Note: When a single sensor doesn’t zero, none of the sensors are zeroed. 

Sniffer@ 503-A 

Oxygen Detector 

1. Check battery charge by turning function switch to “BATTERY TEST,,” if 
battery is in recharge zone instrument will need to be charged. 

2. To zero the oxygen detector, turn function switch to “BATTERY TEST” 
position and - press “TEST” switch and observe the 02 meter indication. If 
indicator is zero, no further adjustment is necessary. If not, follow 
procedures in Section 5.4.1 of the Operations Manual. 

3. To calibrate the oxygen detector, turn function switch to “BATTERY TEST” 
position. Unlock the “OXYGEN CALIB” knob and adjust it for an 02 meter 
indication of 21 or at the CAL mark. Relock “OXYGEN CALIB” knob. If 
using zero calibration gas, follow procedures in Section 5.4.2 of the 
Operator’s Manual. 

4. Record on Calibration Sheet. 
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% LEL Detector 

1. Check battery charge by turning function switch to “BATTERY TEST,” if 
batter is in recharge zone, instrument will need to be charged. Allow 5 
minutes for the instrument to warm up. 

2. Turn function switch to the % LEL position. 

Note: To eliminate the annoyance of the audible alarm, cover the alarm with a hand 
or duct tape during calibration. The tape must be removed, prior to operation!! 

3. Connect calibration gas (typically 30% of the LEL) and allow gas to flow for 
1 minute. 

Note: If calibration gas has a concentration value, not a % LEL value, the % LEL can 

be calculated as follows: 

% calibration gas (i.e., methane) x 20% LEL (meter alarm setting) = % LEL 
calibration setting 

If meter indication is within &5% of LEL calibration gas, no further adjustment is 
required. If not, follow procedures in Section 5.5.4 of Operator’s Manual. 

Sniffer@ 503-A 

1. Connect sample probe and tubing to the instrument’s sample inlet (refer to 
Sections 8.4 and 8.5 for the Operator’s Manual for available hoses and 
probes. 

2. Check that battery is in Operational Range. 

3. Turn instrument to % LEL range and allow to warm up for 1 minute. 

4. Check in a fresh air environment that % LEL reads 0% and that 02 indicator 
reads 21% (calibration mark). 

5. Sample air/gas from area to be tested, allow 30 seconds for readings to 
stabilize. When finished, allow at least 10 seconds (longer if extension line is 
used) to purge sample line. 

6. B” instrument is operating erratically, refer to “TROUBLESHOOTING” 
Section (Table 5-2) in Operator’s Manual. 

B. Operation 
Sentinel 4 

Due to the Sentinel 4 having many functions in terms of operation, it is recom- 
mended that you follow the operational procedures as outlined in the instruction 
manual from pages 6-l to 6-34. 

NOTE: Since the Sentinel 4 is capable of measuring four different parameters, an 
understanding of the alarm, error, and fault messages must be obtained. This can be 
done ET reviewing the troubleshooting table found on pages 9-2 to 9-9. 

Bachar.Doc 3.3-4 



c. Site Maintenance 
After each use, the meters should be recharged and the outside of the instruments 
should be wiped clean with a soft cloth. 

D. Scheduled Maintenance 
Function Frequencv 

Check alarm and settings Monthly/before each use 

Clean screens and gaskets around sensors Monthly 

Replace sensors Biannually or when calibration is 
unsuccessful 

VI. Quality Assurance Records 
Quality assurance records will be maintained for each air monitoring event. The 
following information shall be recorded in the field logbook. 

l Identification - Site name, date, location, CT0 number, activity monitored, 
(surface water sampling, soil sampling, etc), serial number, time, resulting 
concentration, comments and identity of air monitoring personnel. 

l Field observations - Appearance of sampled media (if definable). 

l Additional remarks (e.g, Sentinel 4 or Sniffer 503-A had wide range 
fluctuations during air monitoring activities.) 

NOTE: The “Toxic Gas Meter Calibration Form” will be completed daily, 
prior to performing any air monitoring. 

VII. References 
Bacharach Installation, Operation, Maintenance Manual Sentinel -1 Personal Gas 
Monitor, 1990. 

Bacharach Installation, Operation, Maintenance Manual, Sniffer 503-A, Rev. 3 
October-1990. 
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Standard Operating Procedure 

Explosimeter 

1. Purpose and Scope 

This SOP provides a guideline for field measurements of the levels of combustible gas 
and oxygen in air. The following general discussion applies to most explosimeter but 
may differ between specific brands. The operator’s manual should be consulted fo 

specific calibration and operating procedures. 

II. Equipment and Materials 

l Industrial Scientific (M?Zl) Combustible Gas and Oxygen Indicator, or 
equivalent meter, which can be field calibrated 

l Flow-control regulator and hose 

l Calibration gas (50 percent LEL pentane-0.75 percent pentane and 15 percent 
oxygen in nitrogen) 

l Equipment calibration data sheet 

Ill. Procedures and Guidelines 

A. Calibration: The explosimeter must be calibrated before initial daily use. 
Record calibration information on equipment calibration data sheet. Calibration 
will be performed according to the following procedure: 

1. Turn instrument on 

l Unscrew knurled nut on bottom 
l Rotate metal cover 180” 
l Tighten knurled nut 

2. Check battery 

l Check for no “LoBatt” display--do not use if LoBatt displayed 
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l Observe that instrument reads 0 percent LEL and 21 percent 
Oxygen (OX) (record readings) 

l Connect sampling pump onto top of instrurnent 

l Connect .75 percent Pentane/lS percent oxygen gas (with 
1.5 LPM Regulator and direct tubing) 

l Turn pump ON 

l Turn gas ON 

l Record LEL and 02 after stabilized; LEL must read 50 percent 
+/-5 percent; 02 must read 15 percent +/- 5 percent 

l Disconnect sample pump and return to charger 

B. Sample Measurement: The instrument is then ready for air sampling. Note 
and record the readings for percent LEL and percent 02. 

IV. Attachments 

l Equipment calibration data sheet 

V. Key Checks and Preventive Maintenance 

Check that the batteries be adequately charged. Certain materials such as silicone, 
silicates, and organic lead compounds tend to poison the catalyst in the instrument, 
thereby giving erroneously low readings; calibration checks should be made frequently 
if such materials are suspected to be present. 

If the CGI does not Cal-check within ~t5 percent of 50 percent LEL, an internal 
calibration must be performed, or the instrument replaced. 
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EXPLOSIMETER CALIBRATION SHEET 

Instrument Readings 

Time 
Analyst 
Initials 

Uncalibrated Calibrated 
@LEL=O% @LEL=50%ti Comments 

01=21% B=15%55 
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STANDARD OPERATING PROCEDURE 

Operation of Drgger Gas Detector 

I. 

II. 

Ill. 

IV. 

Purpose 
The purpose of this SOP is to provide general reference information for using the 
Drager Gas Detector. Operation along with field maintenance will be included in 
this SOP. This monitoring is intended for health and safety purposes only, not for 
analytical characterization of air quality. 

Scope 
This procedure provides information as it applies to field operation and general 
maintenance of the Drager Gas Detector. - Application of the information contained 
herein will ensure that this type of field air monitoring equipment will be operated 
properly. The various calorimetric detector tubes required for each specific site 
operation will be addressed in the respective Health and Safety Plan (HASP). 

Definitions 
Drager Bellows Pump - A hand-operated bellows pump that draws in 100 cubic 
centimeters (cc’s) of air through a detector tube with each pump stroke. 

Detector Tube (Drager Tube) - A glass tube impregnated with an indicating 
chemical resulting in a color change. 

Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that project- 
specific plans are in accordance with these procedures, where applicable, or that 
other approved procedures are developed. The Project Manager is responsible for 
selecting qualified individuals for the monitoring activities. 

Health and Safety Officer - The Health and Safety Officer is responsible for 
developing a site-specific Health and Safety Plan (HASP) which specifies air 
monitoring requirements. 

Field Team Leader - It is the responsibility of the Field Team Leader to implement 
these procedures in the field, and to ensure that the field team performing air 
monitoring activities, have been briefed and trained to execute these procedures 
before the start of site operations. 

Site Safety Coordinator (SSC) - The SSC is responsible for ensuring that the specified 
air monitoring equipment is on site, calibrated, and used correctly by the field 
personnel. The SSC will coordinate these activities with the Field Team Leader. 
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Field team - It is the responsibility of the field team to follow these procedures or to 
follow documented project-specific procedures as directed by the Field Team 
Leader/Health and Safety Officer. The field team is responsible for documenting all 
air monitoring results in the field logbook during each field investigation. 

V. Procedures 
The Drsger Gas Detector uses the principle of exposing a measured concentration of 
a reagent to a measured volume of air, to produce a proportional reaction of the 
contaminant in question. There are various types and styles of detector tubes with 
each being specific to air contaminan ts, reaction principal, reaction color and 
number of pump strokes. Care must be taken to follow the instructions provided 
with each box of tubes. Always note the expiration date on the box and refrigerate 
the tubes whenever possible to maintain tube life. 

The following subsections will discuss the operation and maintenance of the Drager 
Gas Detector. These sections, however, should not be used as a substitute for the 
manufacturer’s operating procedures. 

A. Operation 
l Check the pump for leaks before each series of measurements (according to the 

Leak Test procedures outlined in Section B). 

l Break off both tips of the Drager Tube in the break-off eyelet. 

l Tightly insert the Drager Tube in the pump head with the arrow on the tube 
pointing towards the pump. 

l Fully compress the bellows. 

l Straighten the fingers. The suction process takes place automatically and is 
completed when the limit chain is taut (Model 31) or the white dot is completely 
visible ( Accuro) . 

l Repeat the suction process as often as specified in the Tube Operating 
Instructions. 

Evaluate the indication as described in the Tube Operating Instructions, paying 
special attention to interfering chemicals, etc. These instructions are supplied with 
the package of tubes. 

B. Maintenance 
l Leak testing: Check the pump for leaks prior to use. To do this, completely 

compress the bellows and seal the pump with an unopened Drgger Tube. The 
pump is sufficiently air-tight if the bellows has not completely expanded after 30 
seconds, (i.e., the limit chain is not taut [Model 311 or the white dot is not visible 
[Accuro]). It will then deliver the volume required. 

l Eliminating leaks: For Model 31, any leak can usually be eliminated by cleaning 
the valve. To do this, remove the front plate and unscrew the valve using the 
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special spanner. Raise the valve disc to prevent it from being damaged by the 
spanner. Clean the valve by blowing it through with air or by rinsing it with 
water. Dry the valve after cleaning. lf the rubber of the valve disc is sticky, 
brittle, hard or cracked, it must be replaced. Remove the pin from the valve seat 
stem and push in the pm of the new valve disc until the disc lies flat agarnst the 
valve seat. It is best to moisten the pin a little at first. When fitting the cover 
plate, ensure that the limit chain is not twisted and that the fixing hook lies in 
the longitudinal direction of the pump, so that it fits satisfactorily in the slot of 
the cover plate. 

l Cleaning the metal screen: After prolonged use of the Bellows Pump, the wire 
mesh sieve under the rubber bung in the pump head may become blocked. 
Therefore, the sieve must be cleaned from time to time, about every four weeks, 
when the pump is used frequently. For Model 31, loosen the two-hole nut with 
the special spanner and remove the rubber bung. Take out the sieve-and clean it - 
with a brush under running water. When re-inserting the two-hole nut, tighten 
it only until the rubber bung is just under stress and the Drager Tube can be 
inserted easily, but tightly. 

l Flushing the pump with air: To prevent corrosion of the interior portions of the 
pump, flush out the pump with air by making a few strokes without a Drager 
Tube after each time it has been used. 

C. Limitations and Considerations 
The chemical reactions involved in the use of the tubes are affected by temperature. 
Cold weather decreases the reactions and thus the response times. Therefore, it is 
recommended that the tubes (prior to use) be kept warm if the measurement is done 
in cold temperatures; or for hot temperatures (which can increase the reactioln and 
can cause a problem by discoloring the indicator when a contaminant is not 
present), the tubes should be stored at a moderate temperature. 

The chemical utilized in the tubes will deteriorate over time, and therefore the tubes 
are assigned a shelf life. This will vary from one to three years and should be 
checked prior to use. 

An advantage that detector tubes have over some other instrument is that it is 
possible to select a tube that is specific to a chemical. However, some tubes will 
respond to interfering compounds. Fortunately, the manufacturers provide 
information in the tube package on interfering gases and vapors. 

Due to these many considerations, it is very important to read the instructions that 
are provided with and are specific to a set of tubes. The information includes the 
number of pump strokes needed, time for each pump stroke, interfering gases and 
vapors, effects of humidity and temperature, shelf life, proper color change (and 
whether the tube is reusable. 
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VI. Quality Assurance Records 
Quality assurance records will be maintained for each air monitoring event. The 
following information shall be recorded in the field logbook. 

l Identification - Site name, date, location, CT0 number, activity monitored, 
(surface water sampling, soil sampling, etc.), serial number, time, resulting 
concentration, comments and identity of air monitoring personnel. 

l Field observations - Appearance of sampled media (if definable). 

l Additional remarks - (e.g., the Drager tube changed to a color representing an 
interference during air monitoring activities). 

VII. References 
National Drager, Inc. 1992. Drager Detector Tube Handbook. Lubeck, 8th Edition, 
Pittsburgh, Pennsylvania. 
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STANDARDOPERATINGPROCEDURE 

MINIRAM Personal Monitor 

I. Purpose 
The purpose of this SOP is to provide general reference information using the 
MINIRAM (Mini Real-time Aerosol Monitor) Model PDM3 to monitor airborne 
particulates. 

Scope 
This procedure provides information regarding the field operation and general 
maintenance of the MINIRAM Model PDM-3. The information contained herein 
presents the operation procedures for this field monitoring equipment. Review of 
the owner’s instruction manual is a necessity for more detailed descriptions 
pertaining to the operation and maintenance of the monitor. 

III. Definitions 
MINIRAM - Mini Real-time Aerosol Monitor (MINIRAM) Model PDM3 used to 
monitor airborne particulates for preferential response to the particle size range of 
0.1 to 10 micrometers. 

Sun Shield -.An accessory to the MINIRAM that protects the sensing elements from 
excessive ambient light fluctuations. 

Z-Bag kit - A calibration kit that consists of a one-way flow rubber bulb for manual 
air pumping, a filter cartridge, a zippered plastic container, and connecting 
hardware. 

mg/m3 - milligrams per cubic meter of particulate (size range of 0.1 to 10 
micrometers) in air, by volume 

IV. Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that project- 
specific plans are in accordance with these procedures, where applicable, or that 
other approved procedures are developed The Project Manager is responsible for 
selecting qualified individuals for the monitoring activities. 

Health and Safety Officer - The Health and Safety Officer is responsible for 
developing a site-specific Health and Safety Plan (HASP) which specifies air 
monitoring requirements. 
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Field Team Leader - It is the responsibility of the Field Team Leader to implement 
these procedures in the field, and to ensure that the field team performing air 
monitoring activities, have been briefed and trained to execute these procedures 
before the start of site operations. 

Site Safety Coordinator (SSC) - The SSC is responsible for ensuring that the specified 
air monitoring equipment is on site, calibrated, and used correctly by the field team. 
The SSC will coordinate these activities with the Field Team Leader. 

Field team - It is the responsibility of the field team to follow these procedures or to 
follow documented project-specific procedures as directed by the Field Team 
Leader/$X. The field team is responsible for documenting the air monitoring 
results in the field logbook during field investigation. 

V. Procedures 
The following sections provide information on the operating principles, calibration, 
operation, and maintenance of the MINIRAM. 

A. Principle of Operation 
The MINIRAM Model PDA13 (MINIRAM) is an airborne particulate monitor whose 
operating principle is based on the detection of scattered electromagnetic radiation 
in the near infrared. The MINIRAM uses a pulsed light emitting source which 
generates a narrow-band emission centered at 880 manometers (=); it is a light 
scattering aerosol monitor of the nephelometric type, i.e., the instrument con- 
tinuously senses the combined scattering from the population of particles present 
within its sensing volume (approximately 1 cm3) whose dimensions are large 
compared with the average separation between the individual airborne particles. 

In the “Open Sensing Chamber Sampling Method”, air surrounding the MINIRAM 
passes freely through the open aerosol sensing chamber as a result of air transport 
caused by convection, circulation, ventilation and personnel movement (i.e., a pump 
is not used). The scattering sensing parameters have been designed for preferential 
response to the particle size range of 0.1 to 10 micrometers, ensuring high correlation 
with standard gravimetric measurements of both the respirable and inhalable size 
fractions. The rate at which air passes through the sensor does not influence the 
indicated concentration because the detection is performed directly on every parcel 
of air traversing the fixed sensing volume. Therefore, flow velocity through a real- 
time sensor such as the MINIRAM influences only the response time. 

The MINIRAM measures the concentration of any airborne particles, both solid and 
liquid, and the display indicates this level in the units of milligrams per cubic meter 
(mg/m3), based on its factory calibration. The MINIRAM should be operated in a 
vertical position and away from reflecting surfaces. 

The MINIRAM comes with a sun shield accessory that protects the sensing elements 
from excessive ambient light fluctuations. The sun shield is used for outdoor use 
and under fluctuating bright light illumination. However, it is advisable to use the 
sun shield at all times. 
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B. Calibration 
Calibration is achieved in the field using a Z-Bag TM Calibrator which will provide 
a clean-air environment inside a plastic bag into which the MINIRAM is placed for 
zeroing. The Z-Bag kit consists of a one-way flow rubber bulb for manual air 
pumping, a filter cartridge, a zippered plastic container, and connecting hardware. 

Prior to calibration, ensure that the MINIRAM is clean before placing into Z-Bag. 
Do not expose Z-Bag to sub-zero freezing temperatures as the plastic zippereld bag 
may crack. 

The calibration procedure is as follows: 

1. Place Z-Bag on flat surface with red flow fitting facing up. Flatten bag. Remove 
small plastic cap from flow fitting on bag. 

2. Connect rubber bulb/filter assembly to red flow fitting of plastic bag, until 
flush with bottom of fitting. 

3. MINIRAM should be in its OFF condition (check display). If display is blanked, 
or if MINIRAM is in another mode, press OFF. 

4. Open Z-Bag and place MINIRAM inside at the center. Press ZERO* and 
immediately zip closed the bag and begin pumping the rubber bulb/filter 
assembly. 

5. Inflate Z-Bag up to a height of about five inches, then maintain the bag pressure 
until the MINIRAM displays OFF again. 

6. Record background reading displayed while zeroing, on calibration form. 

7. Unzip Z-Bag and remove MINIRAM. Place rubber bulb/filter assembly inside 
Z-Bag, and plug small plastic cap into flow fitting to close it. Zip close while 
flattening Z-Bag to ensure cleanliness of the bag interior. 

8. MINIRAM is ready for use. 

The “zero value” is the background level and is automatically subtracted frolm all 
aerosol concentrations readings during the measurement mode. Therefore, the 
displayed readings depend only on the actual dust concentration present wi.thin the 
sensing chamber. It will increase somewhat as the chamber inner walls and 
windows become contaminated with dust. A zero value greater than 3 mg/ m2 
indicates excessive chamber contamination. For cleaning instructions, refer to 
manufacturer’s operating manual. 

C. Use and Applications 
To use the MINIRAM, remove it from the case and observe the display. If the 
display is blank the MINIRAM is in the minimum power mode. An “OFF” display 
means that it has been in the off mode for less than 48 hours. 

Depending on the mode of interest, refer to the subsections below for a brief 
explanation of the use and applications. 
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1. Measure (MEAS) Mode 

With a blank display mode press OFF and wait until the display reads “OFF” 
(approximately 5 seconds), before pressing MEAS to initiate measurement cycle. - If 
the MINIRAM shows “OFF”, press MEAS directly to initiate measurement cycle. 

The first readout displayed is “GO” (or “CGO” if TIME is also pressed), followed by 
the last concentration reading or ” .OO”. Approximately 36 seconds after pressing 
MEAS the first new 10 second averaged concentration reading is displayed. All 
subsequent readings are concentration values in milligrams per cubic meter, 
updated every 10 seconds. The MINIRAM will run in this mode for 500 minutes 
after which it will stop and display the OFF reading (retaining in storage the 
concentration average and elapsed time information). 

Once the measurement cycle has started, the only way it will be stopped is by 
pressing OFF. The MINIRAM normally operates in the .OO to 9.99 mg/m3 range but 
whenever a lo-second concentration exceeds 9.99 mg/m3 it will automatically 
switch to a .O to 99.9 mg/m3 range and remain their until the concentration drops to 
the lower range. 

If both MEAS and TIME are pressed at the same moment (TIME then MEAS) the 
MINIRAM will display “CGO” (for Continuous Go) which will cause the instrument 
to measure continuously in 500 minute intervals. It will run continuously until OFF 
is engaged or the batteries are exhausted at which time “OFF” will be displayed. 
Concentration averages and timing information for the last seven 500 minutes 
intervals will remain in storage. 

2. Time-Weighted Average (TWA) Mode 

During the measurement mode, if TWA is pressed the display will indicate the 
average concentration in mg/m3 up to that instant, from the start of the last run. 
The value of TWA is updated every 10 seconds. After releasing the TWA key the 
MINIRAM display returns to the lo-second concentration display. 

3. Shift-Average (SA) Mode 

During the measurement mode, if SA is pressed the display will provide the aerosol 
concentration up to that moment, averaged over an 8-hour shift period. This 
concentration corresponds to the exposure from the start of the measurement cycle 
and is updated every 10 seconds. After releasing the SA key the MINIRAM display 
returns to the lo-second concentration display. 

4. Play Back (PBK) Mode 

With the MINIRAM in the off mode, the stored information can be played back by 
pressing PBK for more than 1 second. The information will be played back in the 
following order: 

l ID number 
l Shift or run number 
l Sampling time in minutes 
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l Off-time between the last and next run (in tens of minutes) 
l Average in mg/m3 

This sequence is repeated seven times; an average reading of 9.99 mg/m3 indicates 
that a significant overload condition occurred during that run. It will take approx- 

imately 70 seconds to run through this program. 

5. ID Number Selection 

In order to change the MINIRAM identification number, press the OFF key then the 
ID# key and the presently stored number (between 1 and 999) will be displayed. 
The raise the number press the up arrow key, and to lower the number press the 
down arrow key. Pressing the OFF key after this selection will lock-in that number. 

0. Maintenance 
After each use, the MINIRAM should be wiped clean with a soft cloth and 
connected to charger. The MINIRAM requires a minimum 8 hour charge for daily 
operation. When not in use it should be stored in the accompanying case to avoid 
particulate build up in the sensing chamber. 

When the zero value exceeds 3 Mg/M3, the sensing chamber may need to be 
cleaned following the instructions provided in the manufacturer’s operating . 

II-WlUd. 

VI. Quality Assurance Records 
Quality assurance records will be maintained for each air monitoring event. The 
following information shall be recorded in the Field Logbook. 

0 Identification - Site name, date, location, CT0 number, activity monitored 
(monitoring -well installation, etc.), serial number, time, resulting 
concentration, comments and identity of air monitoring personnel. 

0 Field observations - Appearance of sampled media (if definable). 

0 Additional remarks (e.g., the MINIRAM experienced a wide range of 
fluctuations). 

VII. References 
Monitoring Instruments for the Environment (MIE), INC., MINIRAM Personal 
Monitor 

Model PDM-3 Operations Manual. March 1990. 
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STANDARDOPERATINGPROCXDURE 

Soil Sampling 

I. PurposeandScope 
The purpose of this procedure is to provide guidelines for obtaining samples of surface and 
subsurface soils using hand and drilling-rig mounted equipment. 

II. Equipment and Materials 
0 Stainless-steel trowel, shovel, scoopula, coring device, trier, hand auger, or 

other appropriate hand tool 

0 Stainless-steel, split-spoon samplers 

0 Drilling rig or soil-coring rig 

0 Stainless-steel pan or bowl 

0 Sample bottles 

Ill. Procedures and Guidelines 
Before sampling begins, equipment wiIl be decontaminated using the 
procedures described in SOP Deconrig (Decontamination of Drilling Rigs and 
Equipment). The sampling point is located and recorded in the field logbook. 
Debris should be cleared from the sampling location. 

A. Surface and Shallow Subsurface Sampling 

A shovel, post-hole digger, or other tool can be used to remove soil to a point 
just above the interval to be sampled. A decontaminated sampling tool will be 
used to collect the sample when the desired sampling depth has been reached. 
Soil for semivolatile organic and inorganic analyses is placed in the bowl and 
mixed; soil for volatile organic analysis is not mixed or cornposited but is 
placed directly into the appropriate sample bottles. A stainless-steel or 
dedicated wooden tongue depressor is used to transfer the sample from the 
bowl to the container. 

The soils removed from the borehole should be visually described in the field 
log book, including approximated depths. 

When sampling is completed, photo-ionization device (PID) readings ishould 
be taken directly above the hole, and the hole is then backfilled. 

Soilsdoc 
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B. Split-Spoon Sampling 

Using a drilling rig, a hole is advanced to the desired depth. For split-spoon 
sampling, the samples are then collected following the ASTM D 1586 standard 
(attached). The sampler is lowered into the hole and driven to a depth equal to 
the total length of the sampler; typically this is 24 inches. The sampler is 
driven in 6-inch increments using a 140-pound weight (“hammer”) dropped 
from a height of 30 inches. The number of hammer blows for each 6-inch 
interval is counted and recorded. To obtain enough volume of sample for 
subsequent laboratory analysis, use of a 3-&h ID sampler may be required. 
Blow counts obtained with a 3-inch ID spoon would not conform to ASTM D 
1586 and would therefore not be used for geotechnical evaluations. 

Once retrieved from the hole, the sampler is carefully split open. Care should 
be taken not to allow material in the sampler to falI out of the open end of the 
sampler. To collect the sample, the surface of the sample should be removed 
with a clean tool and disposed of. Samples collected for volatiles analysis 
should be placed directly into the sample containers from the desired depth in 
the split spoon. Material for samples for all other parameters shouId be 
removed to a decontaminated stainless steel tray. The sample for semivolatiIe 
organic and inorganic analyses should be homogenized in the field by 
breaking the sample into small pieces and removing gravel. The homogenized 
sample should be placed in the sample containers. If sample volume 
requirements are not met by a single sample collection, additional sample 
volume may be obtained by collecting a sample from below the sample and 
cornpositing the sample for non-volatile parameters only. 

Split-spoon samples also will be collected using a tripod rig. When using a 
tripod rig the soil samples are collected using an assembly similar to that used 
by the drilling rig. 

IV. Attachments 
A!334 D 1586. 

V. Key Checks and Preventative Maintenance 
Check that decontamination of equipment is thorough. Check that sample collection 
is swift to avoid loss of volatile organics during sampling. 
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#Tb Designation: D 1586 - 84 

Standard Method for 
Penetration Test and Split-Barrel Sampling of Soils’ 

This standard is issued under the tixed designation D 1586; the number immediately following the designation indicates the year of 
original adoption of, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
supersctipt epsilon (6) indicates an editorial change since the last revision or rcappmval. 

This method has been approvedfor use by agencies of rhe Depanmem of Defenr andfor listing in the DOD Index of SpecQicaflons and 
Standards. 

1. Scope 
1.1 This method describes the procedure, geperally 

&wn as the Standard Penetration Test (SPT), for dnvmg a 
split-barrel sampler to obtain a representative soil sample 
and a measure. of the resistance of the soil to penetration of 
the sampler. 

1.2 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purpo~ to 

address all of the safety problems associated with its use. It is 
the responsibility of whoever uses this standard to consult and 
establish appropriate safety and health practices and deter- 
mine the applicability of regulatory limitations prior to use. 
For a specific precautionary statement, see 5.4.1. 

1.3 The values stated in inch-pound units are to be 
regarded as the standard. 

2. Referenced Documents 

2. I ASTM Standards: 
D2487 Test Method for Classification of Soils for Engi- 

neering Purposes2 
D 2488 Practice for Description and Identification of Soils 

(Visual-Manual Procedure)’ 
D4220 Practices for Preserving and Transporting Soil 

Samples2 

3. Descriptions of Terms Specific to This Standard 

3.1 anvil-that portion of the drive-weight assembly 
which the hammer strikes and through which the hammer 
energy passes into the drill rods. 

3.2 cathead-the rotating drum or windlass in the rope- 
cathead lift system around which the operator wraps a rope 
to lift and drop the hammer by successively tightening and 
loosening the rope turns around the drum. 

3.3 drill rods-rods used to transmit downward force and 
torque to the drill bit while drilling a borehole. 

3.4 drive-weight assembly-a device consisting of the 
hammer, hammer fall guide, the anvil, and any hammer 
drop system. 

3.5 hammer-that portion of the drive-weight assembly 
consisting of the 140 C 2 lb (63.5 & 1 kg) impact weight 
which is successively lifted and dropped to provide the 
energy that accomplishes the sampling and penetration. 

’ This method is under the jurisdiction of ASTM Committee D-18 on Soil and 
Rock and is the direct responsibility of Subcommittee D18.02 on Sampling and 
Related Field Testing for Soil Investigations. 

Current edition approved Sept. 1 I, 1984. F’ublished November 1984. Originally 
published as D 1586 - 58 T. Last previous edition D 1586 - 67 (1974). 

2 Anmral Book ofASTM Standards, Vol 04.08. 

3.6 hammer drop syszem-that portion of the drive. 
weight assembly by which the operator accomplishes the 
lifting and dropping of the hammer to produce the blow. 

3.7 hammer fall guide-that part of the drive-weight 
assembly used to guide the fall of the hammer. 

3.8 N-value-the blowcount representation of the pene- 
tmtion resistance of the soil. The N-value, reported in blows 
per foot, equals the sum of the number of blows required to 
drive the sampler over the depth interval of 6 to 18 in. ( 150 
to 450 mm) (see 7.3). 

3.9 AN-the number of blows obtained from each of the 
6-in. (150-mm) intervals of sampler penetration (see 7.3). 

3.10 number of rope turns-the total contact angle be. 
tween the rope and the cathead alt the beginning of tht 
operator’s rope slackening to drop the hammer, divided b! 
360’ (see Fig. 1). 

3.11 sampling rods-rods that connect the drive-weigh 
assembly to the sampler. Drill rods are often used for thy 
purpose. 

3.12 SPT-abbreviation for Standard Penetration Test, 
term by which engineers commonly refer to this method. 

4. Significance and Use 

4.1 This method provides a soil sample for identificatia 
purposes and for laboratory tests appropriate for soil 01 
tained from a sampler that may produce large shear stra: 
disturbance in the sample. 

4.2 This method is used extensively in a great variety 
geotechnical exploration projects. Many local correlatio 
and widely published correlations which relate SPT blv 
count, or N-value, and the engineering behavior of earl 
works and foundations are available. 

5. Apparatus 

5.1 Drilling Equipment-Any drilling equipment tl 
provides at the time of sampling a suitably clean open h’ 
before insertion of the sampler and ensures that the penet 
tion test is performed on undisturbed soil shall be acceptat 
The following pieces of equipment have proven to 
suitable for advancing a borehole in some subsurface COT 

tions. 
5.1.1 Drag, Chopping, and Fishtail Bits, less than 6.5 

(162 mm) and greater than 2.2 in. (56 mm) in diameter r 
be used in conjuction with open-hole rotary drilling 
casing-advancement drilling methiods. To avoid disturba 
of the underlying soil, bottom discharge bits are not 
mitted, only side discharge bits are permitted. 

5.1.2 Roller-Cone Bits, less than 6.5 in. (162 mm) 
greater than 2.2 in. (56 mm) in diameter may be uw 
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FIG. 1 Definitions of the Number of Rope Turns and the Angle for (a) Counterclockwise Rotation and (6) Clockwise Rotation‘of * 
Cathead 

conjunction with open-hole rotary drilling or casing-ad- record if used. The use of a sample retainer basket is 
vancement drilling methods if the drilling fluid discharge is permitted, and should also be noted on the penetration 
deflected. record if used. 

5.1.3 Hollow-Stem Continuous Flight Augers, with or 
without a center bit assembly, may be used to drill the 
boring. The inside diameter of the hollow-stem augers shall 
he less than 6.5 in. (162 mm) and greater than 2.2 in. (56 
mm). 

5.1.4 Solid, Continuous Flight, Bucket and Hand Augers, 
less than 6.5 in. ( 162 mm) and greater than 2.2 in. (56 mm) 
in diameter may be used if the soil on the side of the boring 
does not cave onto the sampler or sampling rods during 
sampling. 

5.2 Sampling Rods-Flush-joint steel drill rods shall be 
used to connect the split-barrel sampler to the drive-weight 
assembly. The sampling rod shall have a stiffness (moment 
Of inertia) equal to or greater than that of parallel wall “A” 
rod (a steel rod which has an outside diameter of 1% in. 
(41.2 mm) and an inside diameter of 1 l/s in. (28.5 mm). 

NCYTE 2-Both theory and available. test data suggest that N-values 
may increase between 10 to 30 % when liners are used. 

5.4 Drive- Weight Assembly: 
5.4.1 Hammer and Anvil-The hammer shall weigh 140 

C_ 2 lb (63.5 -C 1 kg) and shall be a solid rigid metallic mass. 
The hammer shall strike the anvil and make steel on steel 
contact when it is dropped. ;4 hammer fall guide permitting a 
free fti shall be used. Hammers used with the cathead and 
rope method shall have an unimpeded overlift capacity of at 
least 4 in. (100 mm). For safety reasons, the use of a hammer 
assembly with an internal anvil is encouraged. 

NOTE 3-k is suggested that the hammer fall guide be permanently 
marked to enable the operator or inspector to judge the hammer drop 
height. 

Non I-Recent research and comparative testing indicates the type 
rod used, with stiffness ranging from “A” size rod to “N” size rod, will 
Usually have a negligible effect on the N-values to depths of at least 100 
ft (30 m). 

5.3 Split-Barrel Sampler-The sampler shall be con- 
structed with the dimensions indicated in Fig. 2. The driving 
shoe shall be of hardened steel and shall be replaced or 
repaired when it becomes dented or distorted. The use of 
liners to produce a constant inside diameter of 1% in. (35 
mm) is permitted, but shall be noted on the penetration 

5.4.2 Hammer Drop System-Rope-cathead, trip, semi- 
automatic, or automatic hammer drop systems may be used, 
providing the lifing apparatus will not cause penetration of 
the sampler while re-engaging and lifting the hammer. 

5.5 Accessory Equipment-Accessories such as labels, 
sample containers, data sheets, and groundwater level mea- 
suring devices shall be provided in accordance witi --. ’ 
requirementi of the project and other ASTM standard : 

6. Drilling Procedure 
6.1 The boring shall be advanced incrementally to permit 
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A = l.oto2.0in.(25to50mm) 
B = 18.0 to 30.0 in. (0.457 to 0.762 m) 
c - 1.375 * 0.005 in. (34.93 zt 0.13 mm) 

\ VENT 

D = 1.50 + 0.05 - 0.00 in. (38.1 f 1.3 - 0.0 mm) 
E = 0.10 f 0.02 in. (2.54 k 0.25 mm) 
F = 2.00 f 0.05 - 0.00 in. (50.8 f 1.3 - 0.0 mm) 
G = 16.0“ to 23.0° 

The 1 *h in. (38 mm) inside diameter spl# barml may be used with a 16-gags wall thiinass split liner. Tha penetrating end of the drive shoa may be slightly rounded. Metal 
or @astic retaim may be used to retain soil sam@es. 

FIG. 2 Spilt-Barrel Sampler 

,Lermittent or continuous sampling. Test intervals and 
locations are normally stipulated by the project engineer or 
geologist. Typically, the intervals selected are 5 ft (1.5 mm) 
or less in homogeneous strata with test and sampling 
locations at every change of strata. 

6.2 Any drilling procedure that provides a suitably clean 
and stable hole before insertion of the sampler and assures 
that the penetration test is performed on essentially undis- 
turbed soil shall be acceptable. Each of the following 
procedures have proven to be acceptable for some subsurface 
conditions. The subsurface conditions anticipated should be 
considered when selecting the drilling method to F used. 

6.2.1 Open-hole rotary drilling method. 
6.2.2 Continuous fight hollow-stem auger method. 
6.2.3 Wash ‘boring method. 
6.2.4 Continuous fight solid auger method. 
6.3 Several drilling methods produce unacceptable 

borings. The process of jetting through an open tube sampler 
and then sampling when the desired depth is reached shall 
not be permitted. The continuous flight solid auger method 
shall not be used for advancing the boring below a water 
table or below the upper confining bed of a confined 
non-cohesive stratum that is under artesian pressure. Casing 
may not be advanced below the sampling elevation prior to 
sampling. Advancing a boring with bottom discharge bits is 

Y=-* permissible. It is not permissible to advance the boring 
ubsequent insertion of the sampler solely by means of 

.cvious sampling with the SPT sampler. 
6.4 The drilling fluid level within the boring or hollow- 

stem augers shall be maintained at or above the in situ 

groundwater level at all times during drilling, removal of drill 
rods, and sampling. 

7. Sampling and Testing Procedure 
7.1 After the boring has been advanced to the desired 

sampling elevation and excessive cuttings have been re- 
moved, prepare for the test with the following riequence of 
operations. 

7.1.1 Attach the split-barrel sampler to the sampling rods 
and lower into the borehole. Do not allow the sampler to 
drop onto the soil to be sampled. 

7.1.2 Position the hammer above and attach the anvil to 
the top of the sampling rods. This may be done before the 
sampling rods and sampler are lowered into the borehole. 

7.1.3 Rest the dead weight of the sampler, rods, anvil, and 
drive weight on the bottom of the boring and apply a seating 
blow. If excessive cuttings are encountered at the bottom of 
the boring, remove the sampler and sampling rods from the 
boring and remove the cuttings. 

7.1.4 Mark the drill rods in three successive &in. (0.15-m) 
increments so that the advance of the sampler under the 
impact of the hammer can be easily observed for each 6-in. 
(0.15-m) increment. 

7.2 Drive the sampler with blows from the 114~lb (63.5- 
kg) hammer and count the number of blows applied in each 
6-in. (0.15-m) increment until one of the following occurs: 

7.2.1 A total of 50 blows have been applied during any 
one of the three 6-in. (0.15-m) increments described in 7.1.4. 

7.2.2 A total of 100 blows have been applied. 
7.2.3 There is no observed advance of the sampler during 

the application of 10 successive blows of the hammer. 
. 
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7.2.4 The sampler is advanced the complete 18 in. (0.45 
m) without the limiting blow counts occurring as described 
in 7.2.1, 7.2.2, or 7.2.3. 

7.3 Record the number of blows required to effect each 6 
in. (0.15 m) of penetration or fraction thereof. The first 6 in. 
is considered to be a seating drive. The sum of the number of 
blot+% required for the second and third 6 in. of penetration is 
termed the “standard penetration resistance,” or the 
*N-value.” If the sampler is driven less than 18 in. (0.45 m), 
as permitted in 7.2.1, 7.2.2, or 7.2.3, the number of blows 
Per each complete 6-in. (0.15-m) increment and per each 
Partial increment shall be recorded on the boring log. For 
partial increments, the depth of penetration shall be reported 

‘to the nearest 1 in. (25 mm), in addition to the number of 
blows. If the sampler advances below the bottom of the 
boring under the static weight of the drill rods or the weight 
of the drill rods plus the static weight of the hammer, this 
information should be noted on the boring log. 

7.4 The raising and dropping of the 140-lb (63.5-kg) 
hammer shall be accomplished using either of the following 
two methods: 

7.4.1 By using a trip, automatic, or semi-automatic 
hammer drop system which lifts the 140-lb (63.5-kg) 
hammer and allows it to drop 30 -I- 1.0 in. (0.76 m -I- 25 mm) 
unimpeded. 

7.4.2 By using a cathead to pull a rope attached to the 
hammer. When the cathead and rope method is used the 
system and operation shall conform tb the following: 

7.4.2.1 The cathead shall be essentially free of ruq oil, or 
grease and have a diameter in the range of 6 to 10 in. ( 150 to 
250 mm). 

7.4.2.2 The cathead should be operated at a minimum 
speed of rotation of 100 RPM, or the approximate speed of 
rotation shall be reported on the boring log. 

7.4.2.3 No more than 2% rope turns on the cathead may 
be used during the performance of the penetration test, as 
shown in Fig. 1. 

NOTE 4-The operator should generally use either 1% or 2% rope 
turns, depending upon whether or not the rope comes off the top (1% 
turns) or the bottom (2% turns) of the cathead. It is generally known 
and accepted that 2% or more rope turns considerably impedes the fall 
Ofthe hammer and should not be used to perforx~ the test. The cathead 
rope should be maintained in a relatively dry, clean, and unfrayed 
condition. 

7.4.2.4 For each hammer blow, a 30-in. (0.76-m) lift and 
drop shall be employed by the operator. The operation of 
Pulling and throwing the rope shall be performed rhythmi- 
cally without holding the rope at the top of the stroke. 

7.5 Bring the sampler to the surface and open. Record the 
Percent recovery or the length of sample recovered. Describe 
the soil samples recovered’as to composition, color, stratifi- 
cation, and condition, then place one or more representative 
Portions of the sample into sealable moisture-proof con- 
tainers (jars) without ramming or distorting any apparent 
stratification. Seal each container to prevent evaporation of 
Soil moisture. Affix labels to the containers bearing job 
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designation, boring number, sample depth. and the blow 
count per 6-in. (0.15-m) increment. Protect the samples 
against extreme temperature changes. If there is a soil change 
within the sampler, make a jar for each stratum and note its 
location in the sampler barrel. 

8. Report 
8.1 Drilling information shall be recorded in the field and 

shall inciude the following: 
8.1.1 Name and location of job, 
8.1.2 Names of crew, 
8.1.3 Type and make of drilling machine, 
8.1.4 Weather conditions, 
8.1.5 Date and time of start and finish of boring, 
8.1.6 Boring number and location (station and coordi- 

nates, if available and applicable), 
8.1.7 Surface elevation, if available, 
8.1.8 Method of advancing and cleaning the boring, 
8.1.9 Method of keeping boring open, 
8.1.10 Depth of water surface and drilling depth at the 

time of a noted loss of drilling fluid, and time and date when 
reading or notation was made, 

8.1.11 Location of strata changes, 
8.1.12 Size of casing, depth of cased portion of boring, 
8.1.13 Equipment and method of driving sampler, 
8.1.14 Type sampler and length and inside diameter of 

barrel (note use of liners), 
8.1.15 Size, type, and section length of the sampling rods, 

and 
8.1.16 Remarks. 
8.2 Data obtained for each sample shall be recorded in the 

field and shall include the following: 
8.2,l Sample depth and, if utilized, the sample number, 
8.2.2 Description of soil, 
8.2.3 Strata changes within sample, 
8.2.4 Sampler penetration and recovery lengths, and 
8.2.5 Number of blows per 6-in. (0.15-m) or partial 

increment. 

9. Recision and Bias 
9.1 Variations in N-values of 100 ‘%I or more have been 

observed when using different standard penetration test 
apparatus and drillers for adjacent borings in the same soil 
formation. Current opinion, based on field experience, 
indicates that when using the same apparatus and driller, 
N-values in the same soil can be reproduced with a coefli- 
cient of variation of about 10 %. 

9.2 The use of faulty equipment, such as an extremely 
massive or damaged anvil, a rusty cathead, a low speed 
cathead, an old, oily rope, or massive or poorly lubricated 
rope sheaves can significantly contribute to differences in 
N-values obtained between operator-drill rig systems. 

9.3 The variability in N-values produced by different dril1 
rigs and operators may be reduced by measuring that part of 
the hammer energy delivered into the drill rods from the 
sampler and adjusting N on the basis of comparative 
energies. A method for energy measurement and N-value 
adjustment is currently under development. 
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The American Sociery for T&k?g and Materials takes no position respecting the va/idity of any patent r/ghts asserted ifl connactta? 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is subject to revision at any time by the reqxnsible technical committee and must be reviewed every five years end 
it not revised, either reapproved or withdrawn. Your comments We itwited either for revision ot this standard or for additMna standards 
and should be addressed to ASTM Headquarters. Your commants will receive careful consideration at a meeting of the responsible 
technicat mmmktee, which you mey attend. /f you feel that your commenfs have not received a fair hearing you should meke your 
views known to the ASTM committee on Standards, 1916 Race St.. Philadelphia, PA 79703. 
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STANDARDOPERATINGPROCEDURE 

Shallow Soil Sampling 

I. 

II. 

III. 

IV. 

Purpose 
To provide general guidelines for the collection and handling of surface soil samples 
during field operations. 

Scope 
The method described for surface soil sampling is applicable for loosely packed 
earth and is used to collect disturbed-soil samples. 

Equipment and Materials 
l Sample jars. 

a A hand auger or other device that can be used to remove the soil from the 
ground. Only stainless steel, teflon, or glass materials should be used. The only 
exception is split spoons, which are most commonly available in carbon steel; 
these are acceptable for use only if they are not rusty. 

l A stainless steel spatula should be used to remove material from the sampling 
device. 

l Unpainted wooden stakes or pin flags 

l Vermiculite 

l Fiberglass measuring tape (at least 200 feet in length) 

Procedures and Guidelines 
A. 

B. 

Wear protective gear, as specified in the Health and Safety Plan. 

To locate samples, identify the correct location using the pin flags or stakes. 
Proceed to collect a sample from the undisturbed soil adjacent to the :marker 
following steps C and D. If markers are not present, the following 
procedures will be used. 

1. For samples on a grid: 

a. Use measuring tape to locate each sampling point on the first grid 
line as prescribed in the sampling plan. As each point is located, 
drive a numbered stake in the ground and record its location on the 
site map and in the logbook. 
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b. 

C. 

d. 

Proceed to sample the points on the grid line. 

Measure to location where next grid line is to start and stake first 
sample. For subsequent samples on the line take two orthogonal 
measurements: one to the previous grid line, and one to the previous 
sample on the same grid line. 

Proceed to sample the points on the grid line as described in Section 
C below. 

2. 

e. Repeat lc and Id above until all samples are collected from the area. 

For non-grid samples: 

a. Use steel measuring tape to position sampling point at location 
described in the sampling plan by taking two measurements from 
fixed landmarks (e.g., comer of house and fence post). 

b. Note measurements, landmarks, and sampling point on a sketch in 
the field notebook, and on a site location map. 

C. 

d. 

Proceed to sample as described in Section C below. 

Repeat 2a through 2c above until all samples are collected from the 
area. 

C. To the extent possible, differentiate between fill and natural soil. If both are 
encountered at a boring location, sample both as prescribed in the field 
sampling plan. Do not locate samples in debris, tree roots, or standing water. 
In residential areas, do not sample in areas where residents’ activities may 
impact the sample (e.g., barbecue areas, beneath eaves of rooves, driveways, 
garbage areas). If an obstacle prevents sampling at a measured grid point, 
move as close as possible, but up to a distance of one half the grid spacing in 
any direction to locate an appropriate sample. If an appropriate location 
cannot be found, consult with the Field Team Supervisor (FTS). If the FTS 
concurs, the sampling point will be deleted from the program. The PTS will 
contact the CH2M HILL project manager (PM) immediately. The PM and 
Navy Technical Representative (NTR) will discuss whether the point should 
be deleted from the program. If it is deleted, the PM will follow-up with the 
NTR in writing. 

D. 

1. 

To collect samples: 

Use a decontaminated stainless steel scoop/trowel to scrape away surficial 
organic material (grass, leaves, etc.) adjacent to the stake. New disposable 
scoops or trowels may also be used to reduce the need for equipment blanks. 

2. If sampling: 

a. Surface soil: Obtain soil sample by scooping soil using the augering 
scoop/trowel, starting from the surface and digging down to a depth 
of about 6 inches, or the depth specified in the workplan. 
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3. 

4. 

5. 

6. 

7. 

8. 

9. 

b. Subsurface soil. Obtain the subsurface soil sample using an auger 
down to the depths prescribed in the field sampling plan. 

Take an OVM reading of the sampled soil and record the response in the 
field notebook. Also record lithologic description and any pertinent 
observations (such as discoloration) in the logbook. 

Empty the contents of the scoop/trowel into a decontaminated stainless steel 

Pan. 

Repeat this procedure until sufficient soil is collected to meet volume 
requirements. 

For TCL VOC and field GC aliquots, fill sample jars directly with the trowel/ 
scoop and cap immediately upon filling. DO NOT HOMOGENIZE. 

For TCL pesticides/PCBs and SVOCs, TAL metals, and field XRF aliquots, 
homogenize cuttings in the pan using a decontaminated stainless steel 
utensil in accordance with SOP Decon. 

Transfer sample for analysis into appropriate containers with a decon- 
taminated utensil. 

Backfill the hole with vermiculite. To the extent possible, replace topsoil and 
grass and attempt to return appearance of sampling area to its pre-sampled 
condition. For samples in non-residential, unmowed areas, mark the sample 
number on the stake and leave stake in place. In mowed areas, remove stake. 

V. Attachments 
None. 

VI. Key Checks and Items 
l Phthalate-free latex or surgical gloves and other personal protective equipment. 
l Transfer volatiles first, avoid mixing. 
l Decontaminate utensils before reuse, or use dedicated, disposable utensils. 
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STANDARDOPERATDJGPROCEDURE 

Soil Boring Drilling and Abandonment 

I. Purpose and Scope, 
The purpose of this guideline is to describe methods to obtain samples of subsurface 
soil and then backfill boreholes to the surface. 

Il. Equipment and Materials 
l Truck-mounted drilling rig, and a skid rig or barge-mounted tripod rig 
l Hollow-stem augers (4?&mch ID) 
0 Split-spoon samplers 
l Downhole compacting tool (e.g., a pipe with a flat plate attached to the bottom) 
l Cement 
l Bentonite 
l Hand augers, stainless steel 

III. Procedures and Guidelines 
Before sampling begins, equipment will be decontaminated according to the 
procedures identified in SOP Decontamination of Personnel and Equipment. The 
location to be sampled is cleared of debris and trash, and the location is noted in the 
logbook. 

Continuous-fight hollow-stem augers with an inside diameter of at least 4.25 inches 
are used. The use of water or other fluid to assist in hollow-stem drilling will be 
avoided. 

The bit of the auger is placed on the ground at the location to be driiled and then 
turned with the drilling or soil-coring rig. For split-spoon sampling, the auger is 
advanced to a depth just above the top of the interval to be sampled. 

While advancing the augers to the full borehole depth, the soils removed from the 
boring will be screened using a portable volatile organics detector. The borehole will 
be grouted to the surface with bentonite-cement grout. The soil cuttings are to be 
drummed and managed as described in SOP Disposal of Waste Fluids and Soils. 

The cement-bentonite grout will be installed continuously in one operation from the 
bottom of the space to be grouted to the ground surface. When installing grout in soil 
borings, the grout will be installed through a tremie pipe that is placed inside the 
augers. The grouting will be completed before the augers are removed. 

Samples will be collected from the soil borings at Zfoot intervals. The soil samples 
will be collected from the surface continuously to the water table. Because some of the 
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soil samples are being collected for chemical analysis, decontaminated stainless stee1 
split-spoon samplers will be used for sample collection. The split-spoon samplers will 
be decontaminated according to the procedures outlined in SOP Decontamination of 
Personnel and Equipment. Sample collection will follow the general procedures 
outlined in SOP Soil Boring Sampling-Split Spoon. 

A tripod drilling rig or skid rig wi.U be required for boring installation in the lagoons. 
A tripod drilling rig is generally a tripod equipped to collect continuous samples using 
a hammer-driven sampler. The soil sample collection will be the same as that outlined 
above, except that hollow-stem augers are not used to advance the borehole. Borehole 
collapse due to soft sediments may occur when collecting samples using a tripod 
drilling rig. 

Soil samples will be collected at l-foot intervals. The soil samples will be placed in 
clean jars and a headspace measurement of the volatile organics in each of the samples 
determined. The headspace measurements will be used to identify the potentially 
most-contaminated samples which will be submitted for analysis through the CLP. 

IV. Attachments 
None. 

V. Key Checks and Preventative Maintenance 
Check that the drilling rig or soil-coring rig is in working order. Check that the 
borehole is grouted to the ground surface at the completion of drilling and sampling. 
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V. Attachments 
None. 

VI. Key Checks and Items 
0 Latex or surgical gloves. 
l Decontaminate split spoon and transfer tools before next sample. 
l Sample volatiles first, then semivolatiles. Avoid mixing. 
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STANDARDOPERATINGPROCEDURE 

Soil Boring Sampling-Split Spoon 

I. 

II. 

Ill. 

IV. 

Purpose 
To provide a general procedure for sampling subsurface soil produced from a split 
spoon. 

Scope 
The scope of this procedure is to cover the sample team’s responsibility beginning 
with the opening of the split spoon. 

Equipment and Materials 
l Latex or surgical gloves 
0 Stainless steel tray or pan 
l Field notebook 
0 Stainless steel spoon or spatula 
l Sampling jars 
l Decontamination solutions and equipment 

Procedures and Guidelines 
1. 

2. 

3. 

4. 

5. 

Field team personnel will wear latex or surgical inner gloves and nitrile or 
neoprene outer gloves to protect from potential dermal contact with 
hazardous substances. 

After the split spoon is removed from the borehole and opened by the driller 
or driller’s assistant, it will be turned over to field team personnel. 

The sample description, depth, time, and date will be logged in the field 
notebook. 

Samples for laboratory analysis will be separated and transferred fro:m the 
split spoon half into the sample jars by a decontaminated stainless steel 
utensil. Samples for VOC analysis will be separated and transferred first, 
followed by semivolatile samples. For volatile samples, avoid mixing soil 
before or during transfer. Homogenize rest of samples according to !3OP 
Homogenization of Soil and Sediment Samples. 

Split spoon and media transfer tools will be decontaminated before being 
used again. 
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STANDARDOPERATINGPROCEDURE 

Logging of Soil Borings 

I. Purpose and Scope 
T’his SOP provides guidance to obtain accurate and consistent descriptions of soil 
characteristics during soil-sampling operations. The characterization is based on 
visual examination and manual tests, not on laboratory determinations. 

II. Equipment and Materials 
l 

l 

l 

l 

. 

l 

l 

l 

0 

l 

Indelible pens 
Tape measure or ruler 
Field logbook 
Spatula 
HCl, 10 percent solution 
Squirt bottle with water 
Rock- or soil-color chart 
Grain-size chart 
Hand lens 
Unified Soil Classification System (LJSCS)index charts and tables to help with 
soil classification 

Ill. Procedures and Guidelines 
This section covers several aspects of the soil characterization: instructions for 
completing the CH2M HILL soil boring log Form D1586, field classification of soil, 
and standard penetration test procedures. 

A. Instructions for Completing Soil Boring Logs 

Soil boring logs will be completed in the field log books. Information collected will 
be consistent with that required for Form D1586 (attached), a standard CH2M HILL 
form or an equivalent form that supplies the same information. 

The information collected in the field to perform the soil characterization is 
described below. 

Field personnel should review completed logs for accuracy, clarity, and 
thoroughness of detail. Samples also should be checked to see that information is 
correctly recorded on both jar lids and labels and on the log sheets. 
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B. Heading Information 

Boring/Well Number. Enter the boring/well number. A numbering system should 
be chosen that does not conflict with information recorded for previous exploratory 
work done at the site. Number the sheets consecutively for each boring. 

Location. If stationing, coordinates, mileposts, or similar project layout information 
is available, indicate the position of the boring to that system using modifiers such 
as “approximate” or “estimated” as appropriate. 

Elevation. Elevation will be determined at the conclusion of field activities. 

Drilling Contractor. Enter the name of the drilling company and the city and state 
where the company is based. 

Drilling Method and Equipment. Identify the bit size and type, drilling fluid (if 
used), and method of drilling (e.g., rotary, hollow-stem auger). Information on the 
drilling equipment (e.g., CME 55, Mobile B61) also is noted. 

Water Level and Date. Enter the depth below grotid surface to the apparent water 
level in the borehole. The information should be recorded as a comment. If free 
water is not encountered during drilling or cannot be detected because of the 
drilling method, this information should be noted. Record date and time of day (for 
tides, river stage) of each water level measurement. 

Date of Start and Finish. Enter the dates the boring was begun and completed. 
Time of day should be added if several borings are performed on the same day. 

Logger. Enter the first initial and full last name. 

C. Technical Data 

Depth Below Surface. Use a depth scale that is appropriate for the sample spacing 
and for the complexity of subsurface conditions. 

Sample Interval. Note the depth at the top and bottom of the sample interval. 

Sample Type and Number. Enter the sample type and number. SS-1 = split spoon, 
first sample. Number samples consecutively regardless of type. Enter a sample 
number even if no material was recovered in the sampler. 

Sample Recovery. Enter the length to the nearest 0.1 foot of soil sample recovered 
from the sampler. Often, there will be some wash or caved material above the 
sample; do not include the wash material in the measurement. Record recovery in 
feet. 

Standard Penetration Test Results. In this column, enter the number of blows 
required for each 6 inches of sampler penetration and the “N” value, which is the 
sum of the blows in the middle two 6-inch penetration intervals. A typical standard 
penetration test involving successive blow counts of 2,3,4, and 5 is recorded as 2-3- 
4-5 and (7). The standard penetration test is terminated if the sampler encounters 
refusal. Refusal is a penetration of less than 6 inches with a blow count of 50. A 
partial penetration of 50 blows for 4 inches is recorded as 50/4 inches. Penetration 
by the weight of the slide hammer only is recorded as “WOH.” 
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Samples should be collected using a 140-pound hammer and 2-inch diameter split 
spoons. 

Sample also may be collected using a 300-pound hammer or 3-inch-diameter split- 
spoon samples at the site. However, use of either of these sample collection 
devices invalidates standard penetration test results and should be noted in the 
comments section of the log. The 300-pound hammer should only be used for 
collection of 3-inch-diameter split-spoon samples. Blow counts should be recorded 
for collection of samples using either a 3-inch split-spoon, or a 300-pound hammer. 
An “N” value need not be calculated. 

Soil Description. The soil classification should follow the format described in the 
“Field Classification of Soil” subsection below. * 

Comments. Include all pertinent observations (changes in drilling fluid color, rod 
drops, drilling chatter, rod bounce as in driving on a cobble, damaged Shelby 
tubes, and equipment malfunctions). In addition, note if casing was used, the sizes 
and depths installed, and if drilling fluid was added or changed. You should 
instruct the driller to alert you to any significant changes in drilling (changes in 
material, occurrence of boulders, and loss of driIling fluid). Such information 

should be attributed to the driller and recorded in this column. 

Specific information might include the following: 

The date and the time drilling began and ended each day 
The depth and size of casing and the method of installation 
The date, time, and depth of waterlevel measurements 
Depth of rod chatter 
Depth and percentage of drilling fluid loss 
Depth of hole caving or heaving 
Depth of change in material 
Health and safety monitoring data 
Drilling interval through a boulder 

D. Field Classification of Soil 

This section presents the format for the field classification of soil. In general, the 
approach and format for classifying soils should conform to ASTM D 2488-93, 
Visual-Manual Procedure for Description and Identification of Soils. 

The Unified Soil Classification System is based on numerical values of certain soil 
properties that are measured by laboratory tests (ASTM D 2487). It is possible, 
however, to estimate these values in the field with reasonable accuracy using 
visual-manual procedures (ASTM D 2488-93, attached). In addition, some 
elements of a complete soil description, such as the presence of cobbles or 
boulders, changes in strata, and the relative proportions of soil types in a bedded 
deposit, can be obtained only in the field. 

Soil descriptions should be precise and comprehensive without being verbose. 
The correct overall impression of the soil should not be distorted by excessive 
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emphasis on insignificant details. In general, similarities rather than differences 
between consecutive samples should be stressed. 

Soil descriptions must be recorded for every soil sample collected. The format and 
order for soil descriptions should be as follows: 

1. Soil name (synonymous with ASTM D 2488-93 Group Name) with appropriate 
modifiers. Soil name should be in all capitals in the log, for example 
“POORLY-GRADED SAND.” 

2. Group symbol, in parentheses, for example, “(,I’).” 

3. Color, using MunseU color designation 

4. Moisture content 

5. Relative density or consistency 

6. Soil structure, mineralogy, or other descriptors 

This order follows, in general, the format described in ASTM D 2488-93. 

E. Soil Name 

The basic name of a soil should be the ASTM D 2488-93 Group Name on the basis of 
visuaI estimates of gradation and plasticity. The soil name should be capitalized. 

Examples of acceptable soil names are illustrated by the following descriptions: 

0 A soil sample is visually estimated to contain 15 percent gravel, 55 percent 
sand, and 30 percent fines (passing No. 200 sieve). The fines are estimated as 
either low or highly plastic silt. This visual classification is SILTY SAND 
WITH GRAVEL, with a Group Symbol of (SM). 

l Another soil sample has the following visual estimate: 10 percent EFavel, 30 
percent sand, and 60 percent fines (passing the No. 200 sieve). The fines are 
estimated as low plastic silt. This visual classification is SANDY SILT. The 
gravel portion is not included in the soil name because the gravel portion was 
estimated as less than 15 percent. The Group Symbol is (ML). 

The gradation of coarse-grained soil (more than 50 percent retained on No. 200 sieve) 
is included in the specific soil name in accordance with ASTM D 2488-93. There is no 
need to further document the gradation. However, the maximum size and angularity 
or roundness of gravel and sand-sized particles should be recorded. For fine-g-rained 
soil (50 percent or more passing the No. 200 sieve), the name is modified by the 
appropriate plasticity/elasticity term in accordance with ASTM D 2488-93. 

Interlayered soil should each be described starting with the predominant type. An 
introductory name, such as “Jnterlayered Sand and Silt,” should be used. In atddition, 
the relative proportion of each soil type should be indicated (see Table 1 for example). 

Where helpful, the evaluation of plasticity/elasticity can be justified by describing 
results from any of the visual-manual procedures for identifying fine-grained soils, 
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such as reaction to shaking, toughness of a soil thread, or dry strength as described in 
ASTM D 2488-93. 

F. Group Symbol 

The appropriate group symbol from ASTM D 2488-93 must be given after each soil 
name. The group symbol should be placed in parentheses to indicate that the 
classification has been estimated. 

In accordance with ASTM D 2488-93, dual symbols (e.g., GP-GM or SW-SC) can be 
used to indicate that a soil is estimated to have about 10 percent fines. Borderline 
symbols (e.g., GM/SM or SW/P) can be used to indicate that a soil sample has been 
identified as having properties that do not distinctly place the soil into a specific 
group. Generally, the group name assigned to a soil with a borderline symbol should 
be the group name for the first Symbol. The use of a borderbe symbol should not be 
used indiscrimina tely. Every effort should be made to first place the soil into a single 
group. Grain size is estimated in accordance with ASTM D 2488-93 (Table 2). 

G. Color 

The color of a soil must be given. The color description should be based on the 
Munsell system. The color name and the hue, value, and chroma should be given. 

H. Moisture Content 

The degree of moisture present in a soil sample should be defined as dry, moist, or 
wet. Moisture content can be estimated from the criteria listed on Table 3. 

I. Relative Density or Consistency 

Relative density of a coarse-grained (cohesionless) soil is based on N-values (ASTM D 
1586-84). If the presence of large gravel, disturbance of the sample, or non-standard 
sample collection makes determination of the in situ relative density or consistency 
difficult, then this item should be left out of the description and explained in the 
Comments column of the soil boring log. 

Consistency of fine-grained (cohesive) soil is properly based on results of pocket 
penetrometer or torvane results. In the absence of this information, consistency can be 
estimated from N-values. Relationships for determining relative density or 
consistency of soil samples are given in Tables 4 and 5. 

J. Soil Structure, Mineralogy, and Other Descriptors 

Discontinuities and inclusions are important and should be described. Such features 
include joints or fissures, slickensides, bedding or laminations, veins, root holes, and 
wood debris. 

Significant mineralogical information such as cementation, abundant mica, or unusual 
mineralogy should be described. 

Other descriptors may include particle size range or percentages, particle angularity or 
shape, maximum particle size, hardness of large particles, plasticity of fines, dry 
strength, dilatancy, toughness, reaction to HCl, and staining, as well as other 
information such as organic debris, odor, or presence of free product. 
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K. Equipment and Calibration 

Before starting the testing, the equipment should be inspected for compliance with the 
requirements of ASTM D 1586~8G. The split-barrel sampler should measure Z-inch or 
3-inch O-D., and should have a spll:: tube at least 18 inches long. The minimum size 
sampler rod allowed is “A” rod (1 “-.3/&inch O.D.). A stiffer rod, such as an “IV’ rod 
(2-5/8-&h O.D.), is required for Lh +cpths greater than 50 feet. The drive weigh.t 
assembly should consist of a 140 -Lund or 300-pound hammer weight, a drive head, i 
and a hammer guide that permits . free fall of 30 inches. 

IV. Attachments 
Soil Boring Log, CH2M HILL Form D1586, and a completed example 

ASTM D 2488-90: Standard Practice ior Description and Identification of Soils (Visual- 
Manual Procedures). 

V. Key Checks and Preventive Maintenance 
Check entries to the soil-boring log and field logbook in the field; because the samples 
will be disposed of at the end of fieldwork, confirmation and corrections cannot be 
made later. Check that sample numbers and intervals are properly specified. Check 
that drilling and sampling equipment is decontaminated using the procedures defined 
in SOP Decontamination of Drilling Rigs and Equipment. 
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T&k!1 
WLE SOD.. DE?KUPTIONS 

Date: January 1990 

POORLY GRADED SAND (SP), light brown, moiss loo% tic sand S- 

FAT CLAY (CH), dark grzy, mois sti!Y 

WELL&WED SAND WITH GRAVEL (SM). reddish brown, moist den% subangzllar 
~gmvcltoo.6in&umx 

POORLY GRADED SAND WlTH SILT (SPSM’), white, wet, medium darse 

ORGANIC SOL WrM SAND (OH), dark brcmn to black WCS &III to stidc but spongy 
undisturbed, beatmcs soft and sti* when maolcW many tie roots tracx of mica 

SILTY GRAVEL WrI?J SAND (GM), bruwnish red, moist very c@W. subramdcd grani to 
12 inches max 

INTERlAYERED SILT (60 pcrccnt) AND CLAY (40 pcrccnt): SILT WRH SAND ML), 
maliurn grccaish gray, nonpiastic, sudden raction to shaking, laycts most!y 15 to 83 incbcs 
thick; LEAN CLAY (CL), dark gay, km and brittle undisturbed, beoomcs very soft and sticky 
when remolded, layers 0.2 to 1.2 inches thick 

SILTY SAND WITH GRAVEL (SM), light yellowish brown, moist, medium dense, wak gravel 
to 1.0 inches w very few small particles of coal, fill 

SANDY ELASTIC SILT (h4I-i). very light gray to white, wet, stiff, wak calcarcous cementadc 

LEAN CLAY WITH SAND (CUMH), dark brownish gray, moist, StiiT 

WELL-GRADED GRAVEL WlTH SILT (GW-GM), brown. moist. very dense, rounded gravC1 
LO 1.0 inches max 

sF032n10.50 



Date: September IT, 1989 

lhbk 2 
CRITERM FOR DESCRIBMG MOISlVRE CONDfilON 

Z-50 Very dense 

Field Tut 

Easily pcneva~cd with H-in. steel rod pushed 
bgmd 

lSs$y~~~rwith H-in. sue1 rod driven 
v 

Pcnetratcd a foot with %-in. steel rod driven 
whh S-lb banner 

Pencualcd only a few inches with Mn. sted 
rod driwn with S-lb hammer 

BlowsFt 

(2 

244 

5-s 

9-15 

16-30 

w30 

Consistency 

very soft 

soft 

FUm 

Stipl 

very stiff 

T8ble 4 
CONSISTENCY OF FINE&RAINED SOIL 

(Dmlopai horn semis, 1979) 

Pockcr 
Pcncuometcr 

F, 

KO.25 

oz-050 

05cbl.O 

l.[FZO 

20-4.0 

>4.0 

Torvane 
AEEL 

co.12 

0.12-0.2s 

0.2505 

05-1.0 

1.0-20 

w20 

Fkid Test 

Easily pcncuatcd several inches 
by fist 

E8sily pcneuatcd scvcral inches 
by thumb 

Cal bc pcncua1cd scvclal inches 
by thumb with modefate effort 

Readily indented by thumb, but 
pcneuatd only with great effort 

Radily indented by clwmbnaii 

Indented with dif%azlty by 
thumbnail 
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FIELD EQUlPMmT CE.EmsT FOR Son, BORING WING 

Siting 

Lath. flagging, and orange spray paiar 
-Lumber ayon 
-m-foot tape 
Brunton or Sllva compass 

IJ,agginp Equipment 

Soil Boring Guideline 
aipboad 
Form DlS86 on a&weather paper 

Sampling and Packaging; 

Jars with lids and lab& (Form #131) 
-Shelby rubs and plastic end caps 
yNirlig.ht tape (cg., cb?arial) 

N-paper 
-Was stove, melting pot. and matcfics 
-indelible line felt-tipped markers (eg., ‘Sharpic” 
bnnd) 

Tut Equipment 

Pocket pcnetromcter 
Totvane 

Well sounder 

Other 

=: 
-SC 

Camera. film 
-Hand lens 

‘gs 
lr protectors 
reardrivers 

-Hard hat 
-%UlSUCCll 
=Iasccx repellent 
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Designation: D 2488 - 90 

Standard Practice for 
Description and Identification of Soils (Visual-Manual 
Procedure)’ 

This standard is issued under the fixed designation D 2488: the number immediately followng the designation mdrcatn the year of 
original adoption or. in the case of revision. the year of last revision. A number in parentheses mdlcatcs the year of Ian napproval. A 

supencript epsilon (c) indicates an editorial change ina the last rWiSiOn Or ~ppmvti. 

This standard has been approved for use by agencies of fhe Deponmenr of Defense. Corwdr the DOD Index 01 Spec~ficrurons and 
S~ondardsfir the spefi/ic year of Issue which has been adopted by le Depanmem of Definse 

1. Scope 
1.1 This practice covers procedures for the description of 

soils for engineering purposes. 
1.2 This practice also describes a procedure for identifying 

soils, at the option of the user, based on the classification 
system described in Test Method D 2487. The identification 
is based on visual examination and manual tests. It must be 
clearly stated in reporting an identification that it is based on 
visuaLmanual procedures. 

1.2.1 When precise classification of soils for engineering 
purposes is required, the procedures prescribed in Test 
Method D 2487 shall be used. 

1.2.2 In this practice, the identification portion assigning 
a group symbol and name is limited to soil particles smaller 
than 3 in. (75 mm). 

1.2.3 The identification portion of this practice is limited 
to naturally occurring soils (disturbed and undisturbed). 

NOTE I--This practice may be used as a descriptive qnem applied 
to such materials as shale, claystone, shells, crushed rock, etc. (See 
Appendix X2). 

1.3 The descriptive information in this practice may be 
used with other soil classification systems or for materials 
other than naturally occurring soils. 

1.4 This standard does not purport to address all of the 
safety problems, .ir any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. For specific 
precautionary statements see Section 8. 

1.5 The values stated in inch-pound unirs are to be 
regarded as the standard. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids2 
D 1452 Practice for Soil Investigation and Sampling by 

Auger Borings2 
D 1586 Method for Penetration Test and Split-Barrel 

Sampling of Soils* 

’ This practice is under the jurisdicIlon of ASTM Committee D 3 on Soil and 
Rock and is the diren responsibility of Subcommit%e D18.07 OL Identification 
and Classification of’Soils. 

Cummt edition approved June 29, 1990. Published August I~W Onginally 
published as D 2488 - 66 T. Last previous edition D 2488 - 84”. 

ZAnnul Book o/ASTM Smndards. Vol 04.08. 

D 1587 Practice for Thin-Walled Tube Sampling of Soils2 
D 2 I 13 Practice for Diamond Core Drilling for Site 

Investigation2 
D2487 Test Method for Classification of Soils for Engi- 

neering Purposes2 
D4083 Practice for Description of Frozen Soils (Visual- 

Manual Procedure)2 

3. Terminology 
3.1 Dejinitions: 
3.1.1 Except as listed below, all definitions are in accor- 

dance with Terminology D 653. 
NOTE 2-For particles retained on a 3-h (7%mm) US standard 

sieve, the following definitions are suggested: 
Cobbles-particles of rock that will pass a 12-in. (300-mm) square 

opening and be retained on a 3-in. (75-mm) sieve, and 
BOU&TS-pa.rticls of rock that will nof pass a 12-m. (3Wmm) 

square opening. 

3.1.1.2 clay-soil passing a No. 200 (75~pm:) sieve that 
can be made to exhibit plasticity (putty-like properties) 
within a range of water contents, and that exhibits consider- 
able strength when air-dry. For classification, a clay is a 
fine-grained soil, or the fine-grained portion of a so& with a 
plasticity index equal to or greater than 4, and the plot of 
plasticity index versus liquid limit falls on or above the ‘A” 
line (see Fig. 3 of Test Method D 2487). 

3.1.1.3 gravel-particles of rock that will pass a 3-in. 
(75-mm) sieve and be retained on a No. 4 (4.75-mti) sieve 
with the following subdivisions: 

coarse-passes a 3-in. (75-mm) sieve and is retained on a 
G-in. ( 19-mm) sieve. 

fine-passes a G-in. (19-mm) sieve and is retained on a 
No. 4 (4.75-mm) sieve. 

3.1.1.4 organic clay-a clay with sufficient organic con- 
tent to influence the soil properties. For classification, an 
organic clay is a soil that would be classified as a clay, except 
that its liquid limit value after oven drying is less than 75 % 
of its liquid limit value before oven drying. 

3.1.1.5 organic silt-a silt with sufficient organic content 
to influence the soil properties. For classification, an organic 
silt is a soil that would be classified as a silt except that its 
liquid limit value after oven drying is less than 75 % of its 
liquid limit value before oven drying. 

3.1 .I.6 peat-a soil composed primarily of vegetable tissue 
in various stages of decomposition usually with an organic 
odor, a dark brown to black color, a spongy consistency, and a 
texture ranging from fibrous to amorphous. 

3.1.1.7 sand-particles of rock that will pass a No. 4 
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GROUP SYMBOL GROUP NAME 

230% PIUS No. 200 

m Silt 
-Silt with und 

Y smd <Y #nwl ----D Silt with gravel 

CH . 
< 

215% und -Grawlly fat &y with lrnd 

< 

C Elatic silt 
-Elastic silt with und 

MH 
x smd 2% of prml 

p% plus No. 200 >lS% growl ___I, Su8dy l kstic silt with growl 
x smd <x gr*r*l <15X und ____c Gr~olly l kstic silt 

115% smd -Godly l lnric silt with WUA 

~~--Perantagasarebssedanestmatingamowtsoffnes,sand,endgraveltomenearest5%. 

FIG. la Flow Chart for Identifying Inorganic Rne-Gmined Soil (50 X or more fiW) 

(4.75-mm) sieve and be retained on a No. 200 (75~pm) sieve 
with the following subdivisions: 

warse-passes a No. 4 (4.75-mm) sieve and is retained on 
a No. 10 (2.00-mm) sieve. 

medium-passes a No. 10 (2.00-mm) sieve and is retained 
on a No. 40 (425ym) sieve. 

fine-passes a No. 40 (425ym) sieve and is retained on a 
No. 200 (75ym) sieve. 

3.1.1.8 sill-soil passing a No. 200 (75ym) sieve that is 
nonplastic or very slightIy plastic and that exhibits little or no 
stnngth when air dry. For classification, a silt is a fine- 
&ned soil, or the fine-grained portion of a soil, with a 

4. Summary of Practice 
4.1 Using visual examination and simple manual tests, 

this practice gives standardized criteria and procedures for 
describing and identifying soils. 

4.2 The soil can be given an identification by assigning a 
group symbol(s) and name. The flow charts, Figs. la and lb 
for fine-grained soils, and Fig. 2, for coarse-grained soils, can 
be used to assign the appropriate group symbol(s) and name. 
If the soil has properties which do not distinctly place it into 
a specific group, borderline symbols may be used, see 
Appendix X3. 

NOTE 3-11 is suggested that a distinction be ma& between duul 
phstit5ty index less than4, or the plot of plasticity index 
+‘er~us liquid limit falls below the “A” line (see Fig. 3 of Test 
Method D 2487). 

symbols and borderline symbols. 
Dwrl Symbol-A dual symbol is two symbols separated by a hyphen, 

for example, GP-GM, SW-SC, CL-ML used to indicate that the soil has 
been identitied as having the properties of a classification in accordance 
with Test Method D 2487 where two symbols are required. Two 
symbols are required when the soil has between 5 and I2 % Jina or 

@lOUP SYMBOL GROUP NAME 

NOTE-Petcanteges are based on estmating mnomt.5 of firm. sand. and grad to ttw nearest 5 X. 

FIG. lb Flow Chart lor Identifying Organic Fine-Gmined Soil (50 ‘I. or more fines) 
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GROUP SYMBOL GROUP NAME ---- .._. 

when the liquid limit and plasticity index values plot in the CL-ML area results for typical soils of each type with their visual and manual 
of the plasticity chart. characteristics. 

Borderline SymboCA borderline symbol is two symbols separated 
by a slash, for example, CL/CH, GM/SM, CL/ML. A borderline symbol 
should be used to indicate that the soil has been identified as having 
properties that do not distinctly place the soil into a specific group (see 
Appendix X3). 

5. Significance and Use 

5.1 The descriptive information required in this practice 
can be used to describe a soil to aid in the evaluation of its 
significant properties for engineering use. 

5.2 The descriptive information required in this practice 
should be used to supplement the classification of a soil as 
determined by Test Method D 2487. 

5.3 This practice may be used in identifying soils using the 
classification group symbols and names as prescribed in Test 
Method D 2487. Since the names and symbols used in this 
practice to identify the soils are the same as those used in 
Test Method D 2487, it shah be clearly stated in reports and 
all other appropriate documents, that the classifkation 
symbol and name are based on visual-manual procedures. 

5.4 This practice is to be used not only for identification 
of soils in the field, but also in the offke, laboratory, or 
wherever soil samples are inspected and described. 

5.5 This practice has particular value in grouping similar 
soil samples so that only a minimum number of laboratory 
tests need be run for positive soil classification. 

5.6 When describing and identifying soil samples from a 
given boring, test pit, or group of borings or pits, it is not 
necessary to follow all of the procedures in this practice for 
every sample. Soils which appear to be similar can be 
grouped together, one sample completely described and 
identified with the others referred to as similar based on 
performing only a few of the descriptive and identificatioa 
procedures described in this practice. 

5.7 This practice may be used in combination with 
Practice D 4083 when working with frozen soils. 

6. Apparatus 

6.1 Required Apparatus: 
6. I. 1 Pocket Knife or Small Spatula. 
6.2 Useful Auxiliary Apparatus: 
6.2.1 Small Tesl Tube and Stopper (or jar with a lid). 
6.2.2 Small Hand Lens. 

7. Reagents 

NOTE 4-The ability to describe and identify soils correctly is learned 
more readily under the guidance of experienced p-rsonnel. but it may 
also be acquired systematically by comparing numcricai laboratory test 

7.1 Purify o/ Wafer-Unless otherwise ,indicated, mf@ 
ences to water shall be understood to mean water from a CirY 
water supply or natural source, including non-potable water. 

7.2 Hydrochloric Acid-A small bottle of dilute hydm 
chloric acid, HCI, one part HCI ( 10 N) to three parts water 
(This reagent is optional for use with this practice). * 
Section 8. 
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(a) Rounded (b) An@~lar 

(c) Subrounded (d) Suban@ar 

FIG. 3 Typical Angularity of Bulky Grains 

8. Safety Precautions 
8.1 When preparing the dilute HCI solution of one part 

concentrated hydrochloric acid (10 N) to three parts of 
distilled water, slowly add acid into water following necessary 
safety precautions. Handle with caution and store safely. If 
solution comes into contact with the skin, rinse thoroughly 
with water. 

8.2 Caution-Do not add water to acid. 

9. Sampling 

9.1 The sample shall be considered to be representative of 
the stratum from which it was obtained by an appropriate, 
accepted, or standard procedure. 

NOTE S-Preferably. the sampling procedure should be identified as 
having been conducted in accordance with Practices D 1452. D 1587, or 
D2113,orMethodDl586. 

9.2 The sample shall be carefully identified as to origin. 

NOTE 6-Remarks as to the origin may take the form of a boring 
number and sample number in conjunction with a job number, a 
geologic stratum, a pedologc horizon or a location descnptlon with 
respect to a permanent monument, a grid system or a station number 
and offset with respect to a stated centerline and a depth or elevation. 

9.3 For accurate description and identification, the min- 
imum amount of the specimen to be examined shall be in 

TABLE 1 Criteria for Describing Angularity of Coarse-Grained 
Particles (see Fig. 3) 

Dexriptll Crltena -- 
Angum Particles have sharp edges and relativdy plane s&s with 

unpolished swtacas 
‘SUbangular PartlcIes are swndar to angular descnption but have 

rounded edges 
SUfXWnded Partldes have neatly plane ales but have well-founded 

-&edges 
Rounded Particles have -thly saved sk-Jes and no edges 

accordance with the following schedule: 
Maximum Panicle Size. Mimmum Spccimcn Size. 

Sieve Opening Dry Weight 

4.75 mm (No. 4) 100 g (0.2 lb) 
9.5 mm O/s in.) 200 g (0.5 lb) 
19.0 mm (J/4 in.) 1.0 kg (2.2 lb) 
38. I mm (I ‘h in.) 8.0 kg (18 lb) 
75.0 mm (3 in.) 60.0 Lp(132 lb) 

NOTE 7-If random isolated particles are encountered that are 
significantly larger than the particles in the soil matrix. the soil matrix 
can be accurately described and identified in accordance with the 
prececding schedule. 

9.4 If the field sample or specimen being examined is 
smaller than the minimum recommended amount, the 
report shall include an appropriate remark. 

10. Descriptive Information for Soils 

10.1 Angufur~fpXkscribe the angularity of the sand 
(coarse sizes only), gravel, cobbles, and boulders, as angular, 
subangular, subrounded, or rounded in accordance with the 
criteria in Table 1 and Fig. 3. A range of angularity may be 
stated, such as: subrounded to rounded. 

10.2 Shape-Describe the shape of the gravel, cobbles, 
and boulders as flat, elongated, or flat and elongated if they 
meet the criteria in Table 2 and Fig. 4. Otherwise, do not 
mention the shape. indicate the fraction of the particles that 
have the shape, such as: one-third of the gravel particles are 
flat. 

10.3 Color-Describe the color. Color is an important 
property in identifying organic soils, and within a given 

TABLE 2 Criteria for Describing Particle Shape (see Fig. 4) 

The pattide shape shall be desonbed as lollows where length. width. and 
Ihtckness refer to tha greatest. intermediite. and least dimensions of a parlii, 
respectively. 

Flal Partides with wdth/thiiness z 3 
Elongeted Parholes with lefgtt~/wdth > 3 
Flat and elongated Part&s meet mtena for both ilat and ekrgaied 
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PARTICLE SHAPE 

W =WIDTH 
T = THICKNESS 

L=LENGTH 

FLAT: W/T > 3 

ELONGATED: L/W =-3 
FLAT AND ELONGATED: 

- meets both criteria 
FIG. 4 Criteria for Particle Shape 

TABLE 3 Criteria for Describing Moisture Condition 

Description Cflt.?!tla 

w Absanca Of mokture. dusty, dry to the toudl 
Mist Damp but no visible water 
Wet Vt free water. usuaHv soit is bakxv water teble 

locahty it may aIso be useful in identifying materials of 
similar geologic origin. If the sample contains layers or 
patches of varying colors, this shall be noted and all 
representative colors shall be described. The color shall be 
described for moist samples. If the color represents a dry 
condition, this shall be stated in the report. 

10.4 Odor-Describe the odor if organic or unusual. Soils 
containing a significant amount of organic material usually 
have a distinctive odor of decaying vegetation. This is 
especially apparent in fresh samples, but if the samples are 
dried, the odor may often be revived by heating a moistened 
sample. If the odor is unusual (petroleum product, chemical, 
and the like), it shall be described. 

10.5 Moisture Condition-Describe the moisture condi- 
tion as dry, moist, or wet, in accordance with the criteria in 
Table 3. 

10.6 HCl Reaction--Describe the reaction with HCl as 
none, weak, or strong, in accordance with the c&era in 
Table 4. Since calcium carbonate is a common cementing 
agent, a report of its presence on the basis of the reaction 
with dilute hydrochloric acid is important. 

TABLE 4 Criteria for Desctibing the Reaction With HCI 

DescnptKn Cntena 
- -~- ------ 

NOtW No n!We reactton 
Weak scale reacti. With bubbles tomlmg slowly 

SnonS Vmlent mactbm. ~8th tn&bles tormmng tmmedkatq 

TABLE 5 Criteria for Deactibtng Consistency 

Descnptbn Cntens 
-- 

very soft rnvmb will penetrate SolI mwe than 1 in. (25 mm) 
son Thumb will penetrate Sal about 1 tn. (25 mm) 
Firm Thumb wilt mdent scd abcut ‘14 in. (6 mm) 
Hard Thumb wilt net Mant soit but readtly Mented wtth thumm 
Very hard Thumbnail ~VJI n0t Indent WI 

10.7 Consistency-For intact fine-grained soil, describe 
the consistency as very soft, soft, firm, hard, or very hard, in 
accordance with the criteria in Table 5. This observation is 
inappropriate for soils with significant amounts of gravel. 

10.8 Cementation-Describe the cementation of intact 
coarse-grained soils as weak, moderate, or strong, in accord- 
ance with the criteria in Table 6. 

10.9 Structure-Describe the structure of intact soils in 
accordance with the criteria in Table 7. 

10.10 Range of Particle Sizes-For gravel and sand com- 
ponents, describe the range of particle sizes within each 
component as defined in 3.12 and 3.1.6. For example, about 
20 % fine to coarse gravel, about 40 % fine to coarse sand. 

10.11 Maximum Particle Size--Describe the maximum 
particle size found in the sample in accordance with the 
following information: 

10.11. I Sand Size-If the maximum particle size is a 
sand size, describe as fine, medium, or coarse as defined in 
3.1.6. For example: maximum particle size, medium sand. 

10.11.2 Gravel Size-If the maximum particle size is a 
gravel size, describe the maximum particle size as the 
smallest sieve opening that the particle will pass. For 
example, maximum particle size, 1 i/z in. (will pass a 1*/2-h. 
square opening but not a G-in. square opening). 

10.11.3 Cobble or Boulder Size-If the maximum particle 
size is a cobble or boulder size, de&be the maximum 
dimension of the largest particle. For example: maximum 
dimension, 18 in. (450 mm). 

10.12 Hardness--Describe the hardness of coarse sand 
and larger particles as hard, or state what happens when the 
particles are hit by a hammer, for example, gravel-size 
particles fracture with considerable hammer blow, some 
gravel-size particles crumble with hammer blow. ‘Hard” 
means particles do not crack, fracture, or crumble under a 
hammer blow. 

10.13 Additional comments shall be noted, such as the 
presence of roots or root holes, difficulty in drilling Or 
augering hole, caving of trench or hole, or the presence of 
mica. 

10.14 A local or commercial name or al geologic interpre 

TABLE 6 Criteria for Describing Cementation 

Dasonptlon cntena 

Weak cfumbles or breaks with handtitlg or little tir!+ pressure 
Moderate Cntmbles or breaks wth unsidsrak7k finger pressure 
strong Will r0t crumble cf break with fingsr pressure 
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TABLE 7 Criteria for Describing Structure 

oesalptm clana 

stratified Anematlng Layers Of “elyng material or coloc with layers at 
ms~6mmthick:rKmttNkness 

Llvrvnat=f Altemedngbyersofvaryingmek?rblorw&JrwIththe 
byefSbssttWt66thiCk;MJtethkJkneSS 

FDwred Breaks akng dasnlte pknes Of fractwe wim iink? 
resbtancetofmctudq 

rgf2kensibed Fracture @anes awear perished 01 g&y. scfnetknes 
strbted 

BlodcY &fws4vescdthatcanbebfokendownintosmallangular 
lumps wiNch resist brthar bmakdowl 

Lensed lnduaknl Of smell pockets Of different soils. such as small 
lenses of sand scattered through a mass of day: note 
hlness 

HomogenecxlS semeadorand appearana, *wm 

tation of the soil, or both, may be added if identified as such. 
10.15 A classification or identification of the soil in 

accordance with other classification systems may be added if 
identified as such. 

11. Identification of hat 

I 1.1 A sample composed primarily of vegetable tissue in 
various stages of decomposition that has a fibrous to 
amorphous texture, usually a dark brown to black color, and 
an organic odor, shall be designated as a highly organic soil 
and shall be identified as peat, PT, and not subjected to the 
identification procedures described hereafter. 

12. Preparation for Identiikation 

12.1 The soil identification potion of this practice is 
based on the portion of the soil sample that will pass a 3-in. 
(75-mm) sieve. The larger than 3-k. (75-mm) particles must 
be. removed, manually, for a loose sample, or mentally, for 
an intact sample before classifying the soil. 

12.2 Estimate and note the percentage of cobbles and the 
percentage of boulders. Performed visually, these estimates 
will be on the basis of volume percentage. 

NOTE g-Since the percentages of the particle-size distribution in 
Test Method D 2487 are by dry weight, and the estimates of percentages 
for gravel, sand, and fines in this practice are by dry weight, it is 
recommended that the report state that the percentages of cobbles and 
boulder are by volume. 

12.3 Of the fraction of the soil smaller than 3 in. (75 mm), 
estimate and note the percentage, by dry weight, of the 
gravel, sand, and fines (see Appendix X4 for suggested 
Procedures). 

NOTE 9-Since the particle-size components appear visually on the 
baris of volume, considerable experience is required to estimate the 
Percentages on the basis of dry weight. Frequent comparisons with 
kboratory particle-size analyses should be made. 

12.3.1 The percentages shall be estimated to the closest 
5 %. The percentages of gravel, sand, and fines must add up 
f0 100 %. 

12.3.2 If one of the components is present but not in 
sufficient quantity to be considered 5 % of the smaller than 
3%. (75mm) portion, indicate its presence by the term 
Irace, for example, trace of fines. A trace is not to be 
considered in the total of 100 % for the components. 

l3- I’relimimwy Identification 

13.1 The soil is/ine grained if it contains 50 % or more 

fines. Follow the QrOCedUreS for identifying fine-gmned soils 
of Section 14. 

13.2 The soil is ~~nr.w grained if it contains less than SO % 
fines. Follow the QrOCCdUrCS for identifying coarse-gramed 
soils of Section 15. 

14. Procedure for Identifying Fine-Grained Soils 
14.1 Select a representative sample of the material for 

examination. Remove particles larger than the No. 40 sieve 
(medium sand and larger) until a specimen equivalent to 
about a handful of material is available. Use this specimen 
for performing the dry strength, dilatancy, and toughness 
tests. 

14.2 Dry Strength: 
14.2-l From the specimen, select enough material to moid 

into a ball about 1 in. (25 mm) in diameter. Mold the 
material until it has the consistency of putty, adding water if 
necessary. 

14.2.2 From the molded material, make at least three test 
specimens. A test specimen shall be a ball of material about 
t/z in. (12 mm) in diameter. Allow the test specimens to dry 
in air, or sun, or by artificial means, as long as the 
temperature does not exceed 60°C. 

14.2.3 If the test specimen contains natural dry lumps, 
those that are about % in. (12 mm) in diametei may be used 
in place of the molded balls. 

NOTE IO-The process of molding and drying usually produces 
higher strengths than are found in natural dry lumps of soil. 

14.2.4 Test the strength of the dry balls or lumps by 
crushing between the fingers. Note the strength as none, low, 
medium, high, or very high in accorance with the criteria in 
Table 8. If natural dry lumps are used, do not use the results 
of any of the lumps that are found to contain particles of 
coarse sand. 

14.2.5 The presence of high-strength water-soluble ce- 
menting materials, such as calcium carbonate, may cause 
exceptionally high dry strengths. The presence of calcium 
carbonate can usually be detected from the intensity of the 
reaction with dilute hydrochloric acid (see 10.6). 

i 4.3 Dilatancy: 
14.3.1 From the specimen, select enough material to mold 

into a ball about l/2 in. ( 12 mm) in diameter. Mold the 
material, adding water if necessary, until it has a soft, but not 
sticky, consistency. 

14.3.2 Smooth the soil ball in the palm of one hand with 
the blade of a knife or small spatula. Shake horizontally, 
striking the side of the hand vigorously against the other 
hand several times. Note the reaction of water appearing on 

TABLE 8 Criteria for Describing Dry Strength 
DeSUfptlW CritW 
Norm The dry specimen cfumbkx into powder with mew pressure 

of harufling 
LOW The dry SPeamen crumMes into powder With some finger 

pssure 
Medium The dry spedmen breeks mto pews or CrumMes with 

considerable hoger pressure 
High -+dVSpeamen eafmot be MJken with finger pressore. 

-%CJ~ will break into piaces between thumb and a hard 
surfaca 

‘-Y hish The dty speuwmn cannctbetienbetweenWthumbanda 
hard surface 



TABLE 9 Criteria for Describing Dilatancy 

Descnptlon crtteila 

NOW No v~stbk change m the spaamen 
SkwJ Water wars skMy on the slnfaca of tha SDeaman dunng 

sh8klrganddaesnot~adsappean *WY UpOn 
sgueezcng 

Rapd Water appears quickly on tha surfaca of tha speamen dunng 
shekklg and clisappean ww upon squeeung 

TABLE 10 Criteria for Describing Toughness 

Descnptm Criteria 

LOW Only slight pressure is raqwrad to roil Me thread near tha 
plashc limit. Tha thread and tha bump ara weak and soft 

Madurn Medium pressure IS required to rdl the thread to near the 
pkistii lime. The mreed and me lump hava medium stiffnass 

ligh Ccmsklerable pressura is require4 to roll the thread to near ths 
@asbc limit. The thread and Uta lump tUVa very high 
StSfMSS 

the surface of the soil. Squeeze the sample by closing the 
hand or pinching the soil between the fingers, and note the 
reaction as none, slow, or rapid in accordance with the 
criteria in Table 9. The reaction is the speed with which 
water appears while shaking, and disappears while squeezing. 

14.4 Toughness: 
14.4.1 Following the completion of the dilatancy test, the 

test specimen is shaped into an elongated pat and rolled by 
hand on a smooth surface or between the palms into a thread 
about t/8 in. (3 mm) in diameter. (If the sample i.5 too wet to 
roll easily, it should be spread into a thin layer and aIlowed 
to lose some water by evaporation.) Fold the sample threads 
and reroll repeatedly until the thread crumbles at a diameter 
of about l/s in. The thread will crumble at a diameter of */a 
in. when the soil is near the plastic limit. Note the pressure 
required to roll the thread near the plastic limit. Also, note 
the strength of the thread. After the thread crumbles, the 
pieces should be lumped together and kneaded until the 
lump crumbles. Note the toughness of the material during 
kneading. 

14.4.2 Describe the toughness of the thread and lump as 
low, medium, or high in accordance with the criteria in 
Table 10. 

14.5 PlasticitpOn the basis of observations made during 
the toughness test, describe the plasticity of the material in 
accordance with the criteria given in Table I 1. 

14.6 Decide whether the soil is an inorganic or an organic 
line-grained soil (see 14.8). If inorganic, follow the steps 
given in 14.7. 

14.7 Identification of Inorganic Fine-Grained Soils: 

TABLE 11 Crtteria for Describing Plasticity 

DBCtiption Crherla 

Nonplastic A Vbh. (Sawn) thread cannot ba robsd at any water amtant 
LOW Tha thread can baraty ba roiled and tha lump cannot bs 

fcumdwharldnermanmeplasticllllt 
Medum The thread is easy to rdl and not mt.tdt tme is required to 

raseh the plastc Ilmit. Tha thread cannot ba raroltad after 
reaching ths plastic limit. Ths lump crumbles whsn dnaf 
mm tha plastic limit 

High It takes amsidarabk? time roiling and knaadwg to reach the 
plastic limit. The thread can bs rerollad sevaral timas after 
raadurg tha plastic limt. The lump can be twnad without 
uumblirg when drw than the plastic limit 

14.7.1 identify the soil as a kun clu,v. CL. if the ~011 has 
medium to high dry strength. no or !jlo*’ dilatancy. and 
medium toughness and plasticity (see Table 12). 

14.7.2 Identify the soii as a .Taf cla),, CH. if the soil has 
high to very high dry strength. no dilatancy. and high 
toughness and plasticity (see Table 12). 

14.7.3 Identify the soil as a silr, ML. if the soil has no to 
low dry strength, slow to rapid dilatancy. and low toughness 
and plasticity, or is nonplastic (see Table 12). 

14.7.4 Identify the soil as an efusric siii, MH. if the soil has 
low to medium dry strength, no to slow dilatancy, and low to 
medium toughness and plasticity (see Table 12). 

NOTE I I-These propefcs are similar to those for a lean clay. 
However, the silt will dry quickly on the hand and have a smooth, silky 
feel when dry. Some soils that would classify as MH in accordance with 
the criteria in Test Method D 2487 are visually dificult to distinguish 
from lean clays, CL. It may be necessary to pexform laboratory testing 
for proper identification. 

14.8 Identijication of Organic Fine-Gr*ained Soils: 
14.8.1 Identify the soil as an organic soil, OL/OH, if the 

soil contains enough organic particles to influence the soil 
properties. Organic soils usually have a dark brown to black 
color and may have an organic odor. Often, organic soils will 
change color, for example, black to brown, when exposed to 
the air. Some organic soils will lighten in color significantly 
when air dried. Organic soils normally will not have a high 
toughness or plasticity. The thread for the toughness test will 
k w.wy. 

NOTE 12-In some cases, through practice and experience, it may be 
possible to further identify the organic soils as organic silts or organic 
days, OL or OH. Correlations between the dilatancy. dry strength, 
toughness tests. and laboratory tests can be made to identify organic soils 
in certain deposits of similar materials of known geologic origin. 

14.9 If the soil is estimated lo have 15 to 25 % sand or 
gravel, or both, the words “with sand” or “with gravel” 
(whichever is more predominant) shall be iadded to the group 
name. For example: “lean clay with sand., CL” or ‘silt with 
gravel, ML” (see Figs. la and lb). If the percentage of sand is 
equal to the percentage of gravel, use “with sand.” 

14. IO If the soil is estimated to have 30 % or more sand or 
gravel, or both, the words ‘sandy” or “gravelly” shall be 
added to the group name. Add the word ‘sandy” if there 
appears to be more sand than gravel. Add the word 
“gravelly” if there appears to be more gravel than sand. For 
example: “sandy lean clay, CL”, “gravelly fat clay, CH”, or 
‘sandy silt,.. ML” (see Figs. la and I b). If the percentage of 
sand is eqlial to the percent of gravel, use “sandy.” 

15. Procedure for Identifying Coarse-Grained Soils (Con- 
tains less than 50 % fines) 

15.1 The soil is a gravel if the percentage of gravel is 
estimated to be more than the percentage of sand. 

TABLE 12 identification of Inorganic Fine-Grained Soils from 
Manual Tests 

soil 
SymboI Dry sIrergth Oilacancy Toughness 

- .- 
ML NOnetolow Slow 10 rapid Low or thread cannot De 

iormed 
CL Madurn to high None to slow Medum 
Ml-l Low to medium Nona to slow Low to medlum 
CH High to vary hgh Nona High 
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15.2 The soil is a sand if the percentage of gravel is 
estimated to be equal to or less than the percentage of sand. 

15.3 The soil is a’ clean gravel or clean sand if the 
percentage of fines is estimated to be 5 % or less. 

15.3.1 Identify the soil as a well-graded gravel, GW, or as 
a well-graded sand, SW, if it has a wide range of particle sizes 
and substantial amounts of the intermediate particle sizes. 

15.3.2 Identify the soil as a pooriy graded gravel, GP, or as 
a poorly graded sand, SP, if it consists predominantly of one 
size (uniformly graded), or it has a wide range of sizes with 
some intermediate sizes obviously missing (gap or skip 
graded). 

15.4 The soil is either a gravel with fines or a sand with 
fines if the percentage of fines is estimated to be 15 % or 
more. 

15.4.1 Identify the soil as a cfayey gravel, Gc, or a clayey 
sand, SC, if the fines are clayey as. determined by the 
procedures in Section 14. 

15.4.2 Identify the soil as a siify gravel, GM, or a silty 
sand, SM, if the fines are silty as determined by the 
procedures in Section 14. 

15.5 If the soil is estimated to contain 10 % fines, give the 
soil a dual identification using two group symbols. 

15.5.1 The first group symbol shall correspond to a clean 
gravel or sand (GW, GP, SW, SP) and the second symbol 
shall correspond to a gravel or sand with fines (GC, GM, SC, 
SM). 

15.5.2 The group name shall correspond to the first group 
symbol plus the words ‘with clay” or “with silt” to indicate 
the plasticity characteristics of the fines. For example: 
‘well-graded gravel with clay, GW-GC” or “poorly graded 
sand with silt, SP-SM” (see Fig. 2). 

15.6 If the specimen is predominantly sand or gravel but 
contains an estimated 15 % or more of the other coarse- 
grained constituent, the words “with gravel” or ‘with sand” 
shall be added to the group name. For example: ‘poorly 
graded gravel with sand, GP” or “clayey sand with gravel, 
SC” (see Fig. 2). 

15.7 If the field sample contains any cobbles or boulders, 
or both, the words “with cobbles” or “with cobbles and 
boulders” shall be added to the group name. For example: 
“silty gravel with cobbles, GM.” 

16. Report 

16.1 The report shall include the information as to origin, 
and the items indicated in Table 13. 

NOTE 13-Exampie: Ckzyey Gravel with Sand and Cobbles, GC- 
About 50 % fine to coarse, subrounded to subangular gravel; about 30 % 
fine to coarse, subrounded sand; about 20 % tines with medium 
plasticity. high dry strength, no dilatancy, medium toughness; we& 

TABLE 13 Checklist for Descnption of soils 

1. Grwp name 
2. Group symbol 
3. Percent 01 wbbks or boulders. or born (by volume) 
4. Percant of gravel. sand. 01 fines. rx all three (by dry weght) 
5. Parwe-s!re range: 

Gravee-We. coarse 
sand-line, medum. alersf? 

6. Patti argukity: angular. subangular. subroundea. rwnded 
7. Particle shape: (ii appropriate) flat. ekqated. fiat and ekqated 
0. Maxsnum parme size u dime-won 
9. Hardness of ecamesacdandlargarpartides 

10. Plastiuty of fines: non@astii. kw. medium. hgh 
11. Ory strength: r-me. low. medun. high. wry high 
12. Diitaccy: none. stow. rapid 
13. Toughness: low. medium. hgh 
14. Cdor (ii mist condition) 
15. odor (mention ally il cqanic or unusuar) 
16. Mcieture: dry. moist. wet 
17. Rextion with Ha: nale. weak. strong 
For intact samples: 
18. 
19. 

20. 
21. 
22. 
23 

reaction with HCI, original field sample had about 5 % (by volume) 
subrounded cobbles, maximum dimension, 150 mm. 

In-Place Conditions-Firm, homogeneous, dry, brown 
Geologic Interpretation-Allutial fan 
NOTE 14-Other examples of soil descriptions and identification are 

$ven in Appendixes XI and X2. 
NATE U--If desirad, the percentages of gravei, sand, and fines may 

be stated in terms indicating a range of penxntages, as follows: 
Trace-Particles are present but estimated to be less than 5 % 
Few-5 to IO % 
Little-1 5 to 25 % 
Some-30 to 45 % 
MO&y-SO to 100 R 

16.2 If, in the soil description, the soil is identified using a 
classification group symbol and name as described in Test 
Method D 2487, it must be distinctly and clearly stated in log 
forms, summary tables, reports, and the like, that the symbol 
and name are based on visual-manual procedures. 

17. Precision and Bias 

17.1 This practice provides qualitative information only, 
therefore, a precision and bias statement is not applicable. 

18. Keywords 

18. I classification; clay: gravel; organic soils; sand; silt: 
soil classification; soil description; visual classification 
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Standard Operating Procedure 

Soil Gas and In-Situ Groundwater 
Sampling Surveys 

I. 

II. 

x Ill. Definitions 

IV. 

SoilGasBoc 4.7-l 

Purpose 
The purpose of this SOP is to describe the methods and procedures involved. in 
conducting a soil gas survey. 

Scope 
The methods described in this SOP are applicable to the detection of groundwater 
and soil contamination, determinin g the extent of the contamination, and 
identifying the source(s) of cant amination. Soil gas monitoring provides a quick 
means of waste site evaluation. Using this method, underground contamination can 
be identified, and the source, extent, and movement of the pollutants can be traced. 

Dynamic Device - A method whereby soil gas samples are extracted through a 
hollow steel tube using a vacuum extraction pump. 

Passive Device - A method where adsorption devices are implanted in the shallow 
surface soils. These are left in place for days or weeks. After a set time, the devices 
are dug out and sent out for analysis. 

Direct Connection - The direct transfer of soil gas into the on-site gas chromatograph 
(GC) via a vacuum pump. 

Syringe - Device used to transfer the soil gas sample into the GC. 

Gas Bulbs/Bags - Devices to hold soil gas samples prior to analysis. 

Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that project- 
specific plans are in accordance with these procedures, where applicable, or other 
approval methods are developed. The Project Manager is responsible for develop- 
ment of documentation of procedures which deviate from those presented herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and (detailing 
the specific sampling techniques and equipment to be used, and documenting these 
in the Sampling and Analysis Plan. It is the responsibility of the Field Team. Leader 
to ensure that these procedures are implemented in the field and to ensure that 



personnel performing sampling activities have been briefed and trained to execute 
these procedures. 

Sampling Personnel - It is the responsibility of the field sampling personnel to 
follow these procedures, or to follow documented, project-specific procedures as 
directed by the Field Team Leader and/or the Project Manager. The sampling 
personnel are responsible for the proper acquisition of soil gas samples. 

V. Procedures 
Prior to selecting sample locations, an underground utility search is recommended. 
The local utility companies or Base utility personnel can be contacted and requested 
to mark the locations of their underground lines. Sampling plans/designs can then 
be drawn up accordingly. 

Typical methodology involves the insertion of (3/8-inch diameter) probes into the 
ground to a desired depth via a hydraulic pusher/puller mechanism. A l/4-inch 
O.D. stainless steel probe is inserted into the hole and sealed at the top around the 
probe. The gas contained in the interstitial spaces of the soil is sampled by pulling 
the sample through the probe using an air sampling pump. 

Attachment A is a generalized SOP including quality control procedures performed 
by soil gas survey firms. The methods and procedures described herein are typical 
for this type of subsurface investigation. 

Some soil gas firms have the ability to collect and analyze groundwater samples 
using the probe apparatus in a manner similar to collecting soil gas samples. 
Specific project requirements are documented in the site-specific work plan. 

VI. Quality Assurance Records 
Quality assurance records will vary between soil gas survey firms. Ordinarily 
QA/QC records accompany soil gas survey firm reports in the form of spike or 
blank results from analysis of “Field QA Samples” prepared and analysis, as 
required under each individual project. Project plans should include QA/QC 
specific requirements for the soil gas or in situ groundwater sampling program 

VII. References 
1. Schuring, D. C. “Soil Gas Testing,” Hazmat World. Tower-Borner Publishing, Inc, 

Glen Ellyn, Illinois. August 1989. 

2. La Fond, J. W. “EmFlux Soil Gas Survey.” Quadrel Services, Inc., Jamsville, 
Maryland. July 30,1991. 

3. Tillman, J. E., Ranlet, K. B., and Meyer, T. J. “Soil Gas Sample Collection 
Procedures.” Target Environmental, Columbia, Maryland. June 20,1991. 
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4. Marrin, D. L. and Kerfoot, H. B. “Soil Gas Surveying Techniques for Subsurface 
Volatile Organic Contaminants.” Environmental Science and Technology, Volume 
22,198s. 

5. TiBman, J. E., RanIet, K. B., and Meyer, T. J. “Advanced Soil Gas Surveys and 
Their Application to Hazardous Waste Management.” Haztech Conference, 
Cleveland, Ohio. 1988. 

6. Roy, K. A. “Understanding Soil Gas Velocity Leads to New Sampling 
Technique.” Hazmat WorZd, Tower-Bomer PubIishing, Inc, Glen EIIyn, IIhnois. 
December 1989. 

7. Tracer Research Corporation. Sampling Procedures and QA/QC Procedures. 1991. 
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ATTACHMENT A 

Generalized 
Soil Gas Survey Standard Operating Procedure 

Soil Gas Sampling Procedure 

I. Probe Placement 

A. A clean probe (pipe) is removed from the “clean” storage tube. 

B. The soil gas probe is placed in the jaws of hydraulic pusher/puller 
mechanism. 

C. 

D. 

E. 

A sampling point is put on the bottom of the probe. 

The hydraulic pushing mechanism is used to push the probe into.the ground. 

If the pusher mechanism will not push the probe into the ground a sufficient 
depth for sampling, the hydraulic hammer is used to pound the probe into 
the ground. Please note that concrete cutting may be required prior to probe 
placement pending sampling point location. 

II. 

III. 

Sample Extraction 

A. An adaptor is put onto the top of the soil gas probe. 

B. The vacuum pump is hooked onto the adaptor. 

C. The vacuum pump is turned on and used to evacuate soil gas. 

D. Evacuation will be at least 30 seconds but never more than 5 minutes for 
samples having evacuation pressures less than 15 inches of mercury. 
Evacuation times will be at least 1 minute, but no more than 5 minutes for 
probes reading greater than 15 inches of mercury. 

E. Gauges on the vacuum pump are checked for inches of mercury. 

1. Gauge must read at least 2 inches of mercury less than maximum 
vacuum to be extracting sufficient soil gas to collect a valid sample. 

Sample Collection 

A. With vacuum pump running, a hypodermic syringe needle is inserted 
through the silicone rubber and down into the metal tubing or adaptor. 

B. Gas samples should only contact metal surfaces and never contact potentially 
sorbing materials (i.e., tubing, hose, pump diaphragm). 

C. 

D. 

The syringe is purged with soil gas then, without removing syringe needle 
from adaptor, a 10 mL soil gas sample is collected. 

The syringe and needle are removed from the adaptor and the end of the 
needle is capped. 
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Iv. 

E. If necessary, a second 10 mL sample is collected using the same procedure. 

Deactivation of Sampling Apparatus 

A. The vacuum pump is turned off and unhooked from the adaptor. 

B. The adaptor is removed and stored with equipment to be cleaned. 

C. Using the hydraulic puller mechanism, the probe is removed from the 
ground. 

D. The probe is stored in the “dirty” probe tube. 

E. The probe hole is backfilled, if required. 

V. Log Book Notations for Sampling 

A. Time (military notation) 

B. Sample number 

C. Location (approximate description - i.e., street names) 

D. Sampling depth 

E. Evacuation time before sampling 

F. Inches of mercury on vacuum pump gauge 

G. Probe and adaptor numbers 

H. Number of sampling points used 

I. Observations (i.e., ground conditions, concrete, asphalt, soil appearance, 
surface water, odors, vegetation, etc.) 

J. Backfill procedure and materials, if used 

VI. Other Recordkeeping 

A. Data sheets are filled out, if required 

B. Sample location is marked on the site map 

Note: 

Typical soil gas/in situ groundwater sampling investigations include a report of results 
from the soil gas survey. Report format and content may vary; however, project specific 
requirements (i.e., recordkeeping/documentation) should be identified and confirmed prior 
to onsite operations. 
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STANDARDOPERATINGPROCEDURE 

Geoprobe* Soil Sample Collection 

I. 

Il. 

111. 

IV. 

Purpose 
To provide a general guideline for the collection of soil samples using Geoprobe@ 
sampling methods. 

Scope 
Standard Geoprobe” soil sampling methods. 

Equipment and Materials 
l Truck-mounted hydraulic percussion hammer. 
l Geoprobe” sampling rods 
l Geoprobee sampling tubes and acetate liners (if desired) 
l Pm-cleaned sample containers and stainless-steel sampling implements 
l Clean latex or surgical gloves. 

Procedures and Guidelines 
1. Decontaminate sampling tubes and other non-dedicated downhole equipment 

in accordance with SOP Decontamination of Personnel and Equipment. 

2. Drive sampling tube to the desired sampling depth using the truck-mounted 
hydraulic percussion hammer. If soil above the desired depth is not to be 
sampled, first drive the lead rod, without a sampling tube, to the top of the 
desired depth. 

3. Remove the rods and sampling tube from the borehole and remove the sample 
from the tube. 

4. Fill all sample containers, beginning with the containers for VOC analysis, using 
a decontaminated or dedicated sampling implement. 

5. Decontaminate all non-dedicated downhole equipment (rods, sampling tubes, 
etc.) in accordance with SOP Decontamination of Personnel and Equipment. 

6. Backfill borehole at each sampling location with grout or bentonite and repair 
the surface with like material (bentonite, asphalt patch, concrete, etc.), as 
required. 
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V, Key Checks and Items 
1. Verify that the hydraulic percussion hammer is clean and in proper working 

order. 

2. Ensure that the Geoprobe* operator thoroughly completes the decontamination 
process between sampling locations. 

3. Verify that the borehole made during sampling activities has been properly 
backfilled. 
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STANDARDOPERATINGPROCEDURE 

Surface Water Sampling 

I. Purpose and Scope 
This procedure presents the techniques used in collecting surface water samples. 
Materials, equipment, and procedures may vary; refer to the Field Sampling Plan 
and operators manuals for specific details. 

II. Materials and Equipment 
Materials and equipment vary depending on type of sampling; the Field Sampling 
Plan should be consulted for project-specific details. 

Open tube sampler 
Dip sampler 
Weighted bottle sampler 
Hand pump 
Kemmerer or Van Dom sampler 
Depth-integrating sampler 
Sample containers 
Meters for specific conductance, temperature, pH, and dissolved oxygen 

111. Procedures and Guidelines 
Before surface water samples are taken, all sampler assemblies and sample 
containers are cleaned and decontaminated as described in SOP Decontamination of 
Personnel and Equipment. Methods for surface water sample collection are 
described below. 

A. Manual Sampling 

Surface water samples are collected manually by submerging a clean glass, stainless 
steel, or Teflon container into the water body. Samples may be collected at depth 
with a covered bottle that can be removed with a tripline. The most common 
sampler types are beakers, sealable bottles and jars, pond samplers, and weighted 
bottle samplers. Pond samplers have a fixed or telescoping pole attached to the 
sample container. Weighted bottle samplers are lowered below water surface, 
where the attached bottle is opened, allowed to fill, and pulled out of the water. 
When retrieved, the bottle is tightly capped and removed from the sampler 
assembly. Specific types of weighted bottle samplers include dissolved oxygen, 
Kemmerer, or Van Dom, and are acceptable in most instances. 

A sample is taken with the following specific steps: 
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1. 

2. 

The location and desired depth for water sampling are selected. 

The sample site is approached from downstream in a manner that avoids 
disturbance of bottom sediments as much as possible. The sample bottle is 
gently submerged with the mouth pointed upstream and the bottle tilted 
slightly downstream. Bubbles and floating materials should be prevented 
from entering the bottle. 

3. For weighted bottle samplers, the assembly is slowly lowered to the desired 
depth. The bottle stopper is unseated with a sharp tug and the bottle is 
allowed to fill until bubbles stop rising to the surface. 

4. When the bottle is full, it is gently removed from the water. If sample 
transfer is required, it should be performed at this time. 

5. Measure dissolved oxygen, specific conductance, temperature, and pH at the 
sampling location. 
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STANDARDOPERATINGPROCEDURE 

Sediment Sampling 

I. 

II. 

Ill. 

IV. 

Purpose 
These general outlines describe the collection and handling of sediment samples 
during field operations. 

Scope 
The sediment sampling procedures generally describe the equipment and 
techniques needed to collect representative sediment samples. Operators manual , if 
available, should be consulted for specific details 

Equipment and Materials 
l Sample collection device (hand corer, scoop, dredge, grab sampler, or otiher 

suitable device) 

l Stainless steel spoon or spatula for media transfer 

l Measuring tape 

l Log book 

l Personal protection equipment (rubber or latex gloves, boots, hip waders, etc.) 

l Materials for classifying soils, particularly the percentage of fines 

l Sample jars, including jars for Total Organic Carbon and pH, as appropriate 

Procedures and Guidelines 
1. Field personnel will start downstream and work upstream to prevent 

contamination of unsampled areas. 

2. Make a sketch of the sample area showing important nearby river features 
and permanent structures that can be used to locate the sample points on a 
map. Whenever possible, include measured distances from such identifying 
features. Also include depth and width of waterway, rate of flow, type and 
consistency of sediment, and point and depth of sample removal (along 
shore, mid-channel, etc). 

3. Transfer sample into appropriate sampie jars with a stainless steel spoon or 
utensil. The sampler’s fingers should never touch the sediment since gloves 
may introduce organic interferences into the sample. Classify the soil type of 
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the sample using the Unified Soil Classification System, noting particularly 
the percentage of silt and clay. 

4. Samples for volatile organics should immediately be placed in jars. Rocks 
and other debris should be removed before placement in jars. 

5. For channel sampling, be on the alert for submerged hazards (rocks, tree 
roots, drop-offs, loss silt and muck) which can make wading difficult. 

6. Sample sediment for TOC and pH also, to give context to organic and 
inorganic data during the risk assessment. 

7. Follow the site safety plan designed for the specific nature of the site’s 
sampling activities and locations. 

8. Decontaminate all sampling implements and protective clothing according to 
prescribed procedures. 

V. Attachments 
None. 

VI. Key Checks and Items 
l Start downstream, work upstream. 
l Log exact locations using permanent features. 
l Beware of hidden hazards. 
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STANDARDOPERATINGPROCEDURE 

Flat Bottom Boat Sampling Operations 

I. Pu rpose 
Flat bottom boat sampling operations are a non-standard practice of RCRA/ 
CERCLA investigations. The objective of these operations is to access those sample 
locations inaccessible to larger, deeper draft, motorized water craft. 

Il. Scope 
The provisions of this SOP apply to all program and project personnel engaged 
directly in technical boating operations, whether planning or executing those 
operations. These provisions apply whenever technical boating equipment or 
activities are used or included in project operations. 

III. Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that project- 
specific plans for boating operations and federal and state boating safety regulations 
are in accordance with these procedures, where applicable, or that other approved 
procedures are developed. 

Field Team Leader - The Field Team Leader is responsible for ensuring that these 
boating procedures are implemented in the field, and for ensuring that personnel 
performing these activities have been briefed and trained to execute these 
procedures. 

Sampling Personnel - It is the responsibility of the sampling personnel to follow 
these procedures or to follow documented, project-specific procedures as directed by 
the Field Team Leader and/or the Project Manager. The sampling personnel are 
responsible for the proper sampling procedures, proper operation of the boat and 
adherence to waterborne health and safety procedures. 

IV. Procedures 
The following procedures outline the pl anning and execution of flat bottom boat 
sampling operations: 

1. All operations involving technical boating will be directed by qualified and 
experienced boater as the team leader. 

2. All persons participating in boating operations will be directed by the Team 
Leader. 
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3. All persons participating in boating operations will have been trained by the 
Team Leader or provide proof of experience in operating such water craft. 

4. All water craft shall operate on a “line of sight” rule. No water craft will go out 
of sight of each other. 

5. All personnel shall wear their Personnel Floatation Devices at all times while 
they are on the water. 

6. The boating team will include at least one person qualified in First Aid/CPR for 
nonstandard conditions (for example: fire rescue, air/land/ sea rescue). 

7. All personnel shall wear bright colors (for example: hunter orange, yellow, etc.) 
to enhance their visibility to one another. 

8. All personnel shall collect one sample at a time, and return that sample to the 
“mother ship,” the dock, or other location as determined by site conditions and 
situation. 

9. Team Leader has final authority on operations with regards to weather and 
water conditions, 
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STANDARDOPERATINGPROCEDURE 

Groundwater Sampling from 
Monitoring Wells 

I. Purpose and Scope 
This procedure presents general guidelines for the collection of groundwatex 
samples from monitoring wells. The procedure does not address purging and 
sampling using “low-flow” techniques. Operations manuals should be consulted 
for specific calibration and operating procedures. 

II. Equipment and Materials 
l Probe box with inlet/outlet ports for purged groundwater and watertight ports 

for each probe 

. pH meter: Orion Model 94250 or equivalent 

0 Temperature/ conductivity meter: YSI Model 33 or equivalent 

l Dissolved oxygen meter: YSI Model 57 or equivalent 

. In-line disposable 0.45~ filters: QED FF8100 or equivalent 

l Bailer, teflon or stainless steel 

l Peristaltic pump, bladder pump, or submersible sampling pump with tubing, 
support cables, and power supply (may not be required if well yield is low) 

Ill. Procedures and Guidelines 
A. Setup and Purging 

1. For the well to be sampled, information is obtained on well location, 
diameter(s), depth, and screened interval(s), and the method for 
disposal of purged water. 

2. 

3. 

4. 

A pump will be used for well purging if the well yield is adequate; 
otherwise, a bailer may be used. 

Instruments are calibrated according to manufacturer’s instructions. 

The well number, site, date, and condition are recorded in the field 
logbook. 
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5. 

6. 

7. 

8. 

9. 

10. 

Plastic sheeting is placed on the ground, and the well is unlocked and 
opened. All decontaminated equipment to be used in sampling will be 
placed only on the plastic sheeting until after the sampling has been 
completed. 

Water level measurements are collected in accordance with SOP Water 
Level Measurements, and the total depth of the well is measured. 

The volume in gallons of water in the well casing or sections of 
telescoping well casing is calculated as follows: 

0.052 (75 rzh) = 0.163 (rzh) = gallons 

where: x = 3.14 

r = Radius of the well pipe in inches 
h = height of water in well in feet 

The volume of water in typical well casings may be calculated as 
folIows: 

2-inch diameter well: 
0.163 gal/ft x - (linear feet of water ) = gallons 

4inch diameter well: 
0.653 galpt x - (linear feet of water ) = gallons 

6-inch diameter well: 
1.469 gal/ft x - (linear feet of water ) = gallons 

The initial field parameters of pH, specific conductance, and 
temperature of water are measured and recorded in the field logbook. 
The measurement probes are inserted into the probe box. The purged 
groundwater is directed through the box, allowing measurements to be 
collected before the water contacts the atmosphere. 

Sampling equipment is cleaned and decontaminated prior to sampling 
in accordance with SOP Decon (Decontamination of Personnel and 
Equipment). 

If a bailer is being used, it is removed from either its protective 
covering or the well casing and attached to a cord compatible with 
constituents and long enough to reach the bottom of the well. If a 
sampling pump is being used, the air line, discharge line, and support 
cable or rope are attached to the pump. The support line should bear 
the weight of the pump. If the well is purged using dedicated tubing, it 
is lowered into the well to the top of the screened zone. . 

The samphng device is lowered to the well interval from which the 
sample is to be collected. The pump intake will be placed above the top 
of the screen, where possible. If a bailer is being used, it is allowed to 
fillwitha minimum of surface disturbance to prevent sample water 
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aeration. When the bailer is raised, the bailer cord must not touch the 
ground. 

During purging, the field parameters are measured at least once for 
each well volume. In productive wells, the well purging end point is 
determined using the field measurements. In nonproductive wells, 
the well is repeatedly bailed dry to obtain a minimum of three well 
volumes, then allowed to recover before sampling. 

12. Three to five well volumes are purged (more may be purged if 
parameters do not stabilize). Purging is stopped when field parameters 
have stabilized over three consecutive well volumes. Field parameters 
are considered stabilized when pH measurements agree within 0.5 
units, temperature measurements agree within l”C, and specific 
conductance and dissolved oxygen’measurements agree within 10 
percent. 

B. Sample Collection 

Once purging has been completed, the well is ready to be sampled. The 
elapsed time between completion of purging and collection of the g-round- 
water sample from the well should be minimized. Typically, the sample is 
collected immediately after the weIl has been purged, but this is also 
dependent on well recovery. 

Samples wiI.I be placed in bottles that are appropriate to the respective analysis 
and that have been cleaned to laboratory standards. Each bottle typically will 
have been previously prepared with the appropriate preservative, if any. 

The following information, at a minimum, will be recorded in the log book: 

1. Sample identification (site name, location, and project number; sample 
name/number and location; sample type and matrix; time and date; 
sampler’s identity) 

2. Sample source and source description 

3. Field observations and measurements (appearance, volatile screening, field 
chemistry, sampling method), volume of water purged prior to sampling, 
number of well volumes purged, and field parameter measurements 

4. Sample disposition (preservatives added; laboratory sent to, date and time 
sent; laboratory sample number, chain-of-custody number, sample bottle 
lot number) 

5. Additional remarks 

The steps to be followed for sample collection are as follows: 

1. The cap is removed from the sample bottle, and the bottle is tilted 
slightly. 
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2. The sample is slowly poured from the bailer or discharged from the 
pump so that it runs down the inside of the sample bottle with a 
minimum of splashing. The pumping rate should be reduced to 
approximately 100 ml per minute when sampling VOCs. Samples may 
be field filtered before transfer to the sample bottle. Filtration must 
occur in the field immediately upon collection. Inorganics, including 
metals, are to be collected and preserved in the filtered form as well as 
the unfiltered form. The recommended method is through the use of a 
disposable in-line filtration module (0.45 micron filter) using the 
pressure provided by the pumping device for its operation. When a 
bailer is used, filtration may be driven by a peristaltic pump. 

3. VOC samples from wells purged using dedicated tubing and a 
sampling pump will be collected using a bailer 

4. Adequate space is left in the bottle to allow for expansion, except for 
VOC vials, which are filled to overflowing and capped. 

5. 

6. 

The bottle is capped, then labeled clearly and carefully. 

Samples are placed in appropriate containers and, if necessary, packed 
with ice in coolers as soon as practical. 

7. If the sampler is dedicated, it is returned to the well and the well is 
capped and locked. Nondedicated samplers are cleaned and 
decontaminated in accordance with SOP Decontamination of Personnel 
and Equipment. 

IV. Attachments 
None. 

V. Key Checks and Preventative Mainte’nance 
Maintain field equipment in accordance with the manufacturer’s recommendations. 
This will include, but is not limited to: 

l Inspect sampling pump regularly and replace as warranted 

0 Bring supplies for replacing the bladder if using a positive-displacement 
bladder pump 

. Inspect tubing regularly and replace as warranted 

l Inspect air/ sample line quick-connects regularly and replace as warranted 

. Verify battery charge, calibration, and proper working order of field 
measurement equipment prior to initial mobilization and daily during field 
efforts 
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STANDARDOPERATINGPROCEDURE 

Geoprobe’ Hydropunch@ 
Groundwater Sample Collection 

I. Purpose 
To provide a general guideline for the collection of groundwater samples using 
Geoprobe sampling methods. 

II. Scope 
Standard Geoprobe groundwater sampling methods. 

Ill. Equipment and Materials 
l Truck-mounted hydraulic percussion hammer. 
l Geoprobe samphng rods 
l Polyethylene sampling tubing and stainless steel foot valve 
l Pm-cleaned sample containers 
l Clean latex or surgical gloves. 

IV. Procedures and Guidelines 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

Decontaminate slotted lead rod and other non-dedicated downhole equipment 
in accordance to SOP Decontamination of Personnel and Equipment. 

Drive slotted steel lead rod to the desired sampling depth using the truck- 
mounted hydraulic percussion hammer. 

Insert the stainless steel foot valve into the end of the polyethylene samlphng 
tubing and insert tubing through the rods. 

Fill all sample containers, beginning with the containers for VOC analysis. 

Remove polyethylene sampling tubing from the rods. Remove the foot valve 
and discard polyethylene tubing. 

Decontaminate all non-dedicated downhole equipment (lead rod, foot valve, 
etc.) in accordance to SOP Decontamination of Personnel and Equipment. 

Backfill hole at each sampling location with like material (bentonite, asphalt 
patch, concrete, etc.). 
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V. Key Checks and Items 
1. Verify that the hydraulic percussion hammer is clean and in proper working 

order. 

2. E,nsure that the Geoprobe operator thoroughly completes the decontamination 
process between sampling locations. 

3. Verify that the hole made during sampling activities has been properly 
backfilled. 
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Standard Operating Procedure 

Low Flow Groundwater SamDlina 

I. PurposeandScope 
This procedure presents general guidelines for the collection of groundwater samples from 
monitoring wells using low flow sampling techniques. Operations manuals should be 
consulted for specific calibration and operating procedures. 

Il. Equipment and Materials 
Probe box with inlet/outlet ports for purged groundwater and waterweight ports for 
each probe 

pH meter: Orion Model SA250 or equivalent 

Temperature/conductivity meter: YSI Model 33 or equivalent 

Dissolved oxygen meter: YSI Model 57 or equivalent 

Oxidation-reduction potential (ORP) meter 

Multi-use meter (such as Horiba U-10 or equivalent) may also be used in place of the 
above individual meters 

In-line disposable 0.45~ filters: QED FF8100 or equivalent 

Low-flow sampling pump (electric submersibles, submersible pneumatic bladder pump, 
or peristaltic pump) 

Flow-through cell 

Ill. Procedures and Guidelines 
A. Setup and Purging 

1. For the well to be sampled, information is obtained on well location, 
diameter(s), depth, and. screened interval(s), and the method for disposal of 
purged water. 

2. Instruments are calibrated according to manufacturer’s instructions. 

i 
3. The well number, site, date, and condition are recorded in the field lolgbook. 
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4. Plastic sheeting is placed on the ground, and the well is unlocked and 
opened. All decontaminated equipment to be used in sampling wiII be 
placed only on the plastic sheeting until after the sampling has been 
completed. 

5. Water level measurements are collected in accordance with SOP Water Level 
Measurements, and the total depth of the well is measured. 

6. The volume in gallons of water in the well casing or sections of telescoping 
well casing is calculated as follows: 

(7~ r2h) = 0.163 (r2h) = gallons 
where: x = 3.14 

r = Radius of the well pipe in inches 
h = height of water in well in feet 

The volume of water in typical well casings may be calculated as follows: 

Zinch diameter well: 

gufi x - (linear feet of water ) = gallons 

4incl-t diameter well: 

gal/fix.- (linear feet of water ) = gdl0nS 

6-inch diameter well: 

gut x - (linear feet of water ) = gallons 

The initial field parameters of pH, specific conductance, and temperature of 
water are measured and recorded in the field logbook. The measurement 
probes are inserted into the probe box. The purged groundwater is directed 
through the box, allowing measurements to be collected before the water 
contacts the atmosphere. 

7. Sampling equipment is cleaned and decontaminated prior to sampling in 
accordance with SOP Decon (Decontamination of Personnel and Equipment). 

8. The air line, discharge line, and support cable or rope are attached to the 
sampling pump. The support line should bear the weight of the pump. If 
the well is purged using dedicated tubing, it is gently lowered into the well 
to the top of the screened zone. 

9. The pump is operated slowly to purge the water from the discharge tubing 
and draw water from the aquifer formation through the screen immediately 
adjacent to the intake without mixing with the “stagnant” water in the well. 
Low flow sampling is an attempt to strike a balance between sampling the 
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undisturbed water column and purging water at higher than natural flow 
rates (which promote aeration, volatilization, and other geochemcial 
reactions). The pumping water level is carefully monitored to ensure the 
drawdown is kept to a minimum to prevent artificial aeration of the sample 
and mixing with stagnant well-bore water. A typical pumping rate is 1.0 - 
1.5 L/m.in. 

10. Field parameters such as turbidity, dissolved oxygen (DO), temperature, 
oxidation-reduction potential (ORP), electrical conductivity, and pH <are 
carefully and continuously monitored (typicaIly every three minutes) using a 
flow-through cell Probes place in a small bucket or beaker that continuously 
oveflows with the discharge tubing placed near the probes is adequate, but 
using a larger vessel wiII dilute the discharge water and will mask the trend 
toward equilibrium. A flow cell contructed of a short length of 4-inch 
diameter PVC pipe with one end cap can be easily constructed with a, 
discharge tubing barb tapped into the side of the pipe near the end cap. This 
will allow the purge water to continuously flow up and past the meter 
probes. 

Purging should continue until groundwater parameters have stabilized, 
regardless of the number of well volumes purged. Stabilization occurs when 
three consecutive readings fall within 10% of each other. With low-flow 
purging, equilibrium conditions are sometimes achieved in less than one 
well volume and commonly in less than three welI volumes. 

Low-Yield Wells: In some cases the well recharges so slowly that it is 
impractical to collect a groundwater sample that is representative of 
formation groundwater with respect to key geochemical parameters. In such 
cases either sample the stagnant water from within the screened interval or 
slowly purge the well dry and collect the samples as soon as the volume 
needed for sampling has recharged. An increase in DO or ORP during or 
after purging is an indication of artificial aeration of the water, and the 
results should be qualified accordingly. 

B. Sample Collection 

Once purging has been completed, the well is ready to be sampled. The 
elapsed time between completion of purging and collection of the ground- 
water sample from the welI should be minimized. Typically, the sample is 
collected immediately after the well has been purged, but this is also 
dependent on well recovery. 

The samples shouId be collected before the groundwater reaches the flow- 
through cell to avoid cross contamination. 

Samples wiIl be placed in bottles that are appropriate to the respective analysis 
and that have been cleaned to laboratory standards. Each bottle typically will 
have been previously prepared with the appropriate preservative, if any. 
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The following information, at a minimum, wiIl be recorded in the log book: 

1. Sample identification (site name, location, and project number; sample 
name/number and location; sample type and matrix; time and date; 
sampler’s identity) 

2. Sample source and source description 

3. Field observations and measurements (appearance, volatile screening, field 
chemistry, sampling method), volume of water purged prior to sampling, 
number of well volumes purged, and field parameter measurements 

4. Sample disposition (preservatives added; laboratory sent to, dateand time 
sent; laboratory sample number, chain-of-custody number, sample bottle lot 
number) 

5. Additional remarks 

The steps to be followed for sample collection are as follows: 

1. The cap is removed from the sample bottle, and the bottle is tilted slightly. 

2. The sample is slowly poured from the bailer or discharged from the pump so 
that it runs down the inside of the sample bottle with a minimum of 
splashing. The pumping rate should be reduced to approximately 100 ml per 
minute when sampling VOCs. Samples may be field filtered before transfer 
to the sample bottle. Filtration must occur in the field immediately upon 
collection. Inorganics, including metals, are to be collected and preserved in 
the filtered form as well as the unfiltered form. The recommended method is 
through the use of a disposable in-line filtration module (0.45 micron filter) 
using the pressure provided by the pumping device for its operation. 

3. VOC samples from wells purged using dedicated tubing and a sampling 
pump will be collected using a bailer. 

4. Adequate space is left in the bottle to allow for expansion, except for VOC 
vials, which are filled to overflowing and capped. 

5. The bottle is capped, then labeled clearly and carefully. 

6. Samples are placed in appropriate containers and, if necessary, packed with 
ice in coolers as soon as practical. 

7. Nondedicated samplers are cleaned and decontaminated in accordance with 
SOP Decontamination of Personnel and Equipment. 
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V. Attachments 

V . Key Checks and Preventative Maintenance! 
Maintain field equipment in accordance with the manufacturer’s recommendations. This will 
include, but is not limited to: 

None. 

l Inspect sampling pump regularly and replace as warranted 

l Inspect tubing regula.rly and replace as warranted 

l Inspect air/sample line quick-connects regularly and replace as warranted 

. Verify battery charge, calibration, and proper working order of field measurement 
equipment prior to initial mobilization and daily during field efforts 
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STANDARDOPERATINGPROCEDURE 

Installation of Shallow Monitoring Wells 

I. 

Il. 

Purpose and Scope 
The purpose of this guideline is to describe methods for drilling and installation of 
shallow monitoring wells and piezometers in unconsolidated or poorly consolidated 
materials. Methods for drilling and installing bedrock monitoring wells are 
presented in SOP Installation of Bedrock Monitoring Wells. 

Equipment and Materials 
Drilling 

l Drilling rig 

l Hollow-stem augers 

Well Riser/Screen 

l Polyvinyl chloride (PVC), Schedule 40, minimum 2-inch ID, flush&threaded 
riser; alternatively, stainlesss steel riser 

l PVC, Schedule 40, minimum 2-inch ID, flush-threaded, factory slotted *screen; 
alternatively, stainless steel screen. 

Bottom Cap 

l PVC, threaded to match the well screen; alternatively, stainless steel 
0 Centering Guides (if used) 

Well Cap 

l Above-grade well completion: PVC, threaded or push-on type, vented 
l Plush-mount well completion: PVC, locking, leak-proof seal 
l Stainless steel to be used as appropriate 

Sand 

0 Clean silica sand, provided in factory-sealed bags, well-rounded, containing no 
organic material, anhydrite, gypsum, mica, or calcareous material; primary 
(coarse) filter pack, and secondary (fine) filter pack. Grain size determined 
based on sediments observed during drilling. 

Bentonite 

l Pure, additive-free bentonite pellets 

l Pure, additive-free powdered bentonite 
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l Coated bentonite pellets; coating must biodegrade within 7 days 

l Cement-Bentonite Grout: proportion of 6 to 8 gallons of water per 94-pound 
bag of Portland cement; 3 to 6 pounds of bentonite added per bag of cement to 
reduce shrinkage 

Protective Casing 

l Above-grade well completion: 6-inch minimum ID steel pipe with locking 
cover, diameter at least 2 inches greater than the well casing, painted with 
epoxy paint for rust protection; heavy duty lock; protective posts if appropriate 

l Flush-mount well completion: Morrison 9-inch or 12-inch 519 manhole cover, 
or equivalent; rubber seal to prevent leakage; locking cover inside of road box 

Well Development 

l Double surge block with solid bottom, top open, separated by 2 feet of slotted 

Pipe 

l Well-development pump, and associated equipment 

l Containers (e.g., 55 gallon drums) for water produced from well. 

Ill. Procedures and Guidelines 
A. Drilling Method 

Continuous-flight hollow-stem augers with a minimum 6-inch inside 
diameter (ID) will be used to drill shallow monitoring well boreholes. Split- 
spoon samples will be collected at selected intervals for chemical analysis 
and/or lithologic classification. Soil sampling procedures are detailed in 
SOP Shallow Soil Sampling. 

The use of water to assist in hollow-stem auger drilling for monitoring well 
installation will be avoided, unless required for such conditions as running 
sands. 

Hollow-stem augers, rods, split-spoon samplers, and other downhole drilling 
tools will be properly decontaminated prior to the initiation of drilling 
activities and between each borehole location. Split-spoon samplers and 
other downhole soil sampling equipment will also be properly 
decontaminated before and after each use. SOP Decon details proper 
decontamination procedures. 

Drill cuttings and decontamination fluids generated during well drilling 
activities will be contained according to the procedures detailed in the Field 
Sampling Plan. 

B. Monitoring Well Installation 

Shallow monitoring wells will be constructed inside the hollow-stem augers, 
once the borehole has been advanced to the desired depth. If the borehole 
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has been drilled to a depth greater than that at which the well is to be set, the 
borehole will be backfilled with bentonite pellets or a bentonite-cement 
slurry to a depth approximately 1 foot below the intended well depth. 
Approximately 1 foot of clean sand will be placed on top of the bentonite to 
return the borehole to the proper depth for well installation. 

The appropriate lengths of well screen, nominally 10 feet (with botto:m cap), 
and casing will be joined watertight and lowered inside the augers to the 
bottom of the borehole. Centering guides, if used, will be placed at the 
bottom of the screen and above the interval in which the bentonite seal is 
placed. 

Selection of the filter pack and well screen intervals for the shallow 
monitoring wells shall be made in the field. Based on lithologic samples 
previously obtained at the site, and comparison with samples to be oibtained 
in the well borings, standard well screen slot of 0.010~inch and silica sand 
gradations conforming to Morie No. 1 are anticipated. 

A primary sand pack (Marie No. 1) consisting of clean silica sand will be 
placed around the well screen. The sand will be placed into the borehole at a 
uniform rate, in a manner that will allow even placement of the sand pack. 
The augers will be raised gradually during sand pack installation to avoid 
caving of the borehole wall; at no time will the augers be raised higher than 
the top of the sand pack during installation. During placement of the sand, 
the position of the top of the sand will be continuously sounded. The 
primary sand pack will be extended from the bottom of the borehole -to a 
minimum height of 2 feet above the top of the well screen. A secondary, 
finer-g-rained, sand pack will be installed for a minimum of 1 foot above the 
coarse sand pack. Heights of the coarse and fine sand packs and bentonite 
seal may be modified in the field to account for the shallow water table and 
small saturated thickness of the surficial aquifer. 

A bentonite pellet seal at least 2 feet thick will be placed above the sand pack. 
The pellets will be placed into the borehole in a manner that will prevent 
bridging. The position of the top of the bentonite seal will be verified using a 
weighted tape measure. If all or a portion of the bentonite seal is above the 
water ‘table, clean water will be added to hydrate the bentonite. A hydration 
period of at least 30 minutes will be required following installation of the 
bentonite seal. 

Above the bentonite seal, an annular seal of cement-bentonite grout will be 
placed. The cement-bentonite grout will be installed continuously in one 
operation from the bottom of the space to be grouted to the ground surface 
through a tremie pipe. The tremie pipe must be plugged at the bottom and 
have small openings along the sides of the bottom l-foot length of pipe. This 
will allow the grout to diffuse laterally into the borehole and not disturb the 
bentonite pellet seal. 

For monitoring wells that will be completed above-grade, a locking steel 
protective casing set in a concrete pad will be installed. The steel protective 
casing will extend at least 3 feet into the ground and 2 feet above ground but 
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should not penetrate the bentonite seal. The concrete pad will be square or 

round, with a minimum radius of approximately 3.5 feet. The concrete will 
be sloped away from the protective casing. 

Guard posts may be installed in high-traffic areas for additional protection. 
Four steel guard posts will be installed around the protective casing, within 
the edges of the concrete pad. Guard posts will be concrete-filled, at least 2 
inches in diameter, and will extend at least 2 feet into the ground and 3 feet 
above the ground. The protective casing and guard posts will be painted 
with an epoxy paint to prevent rust. 

For monitoring wells with flush-mount completions, Morrison 9-inch or 
12-inch 519 manhole cover or equivalent, with a rubber-sealed cover and 
drain will be installed. The top of the manhole cover will be positioned 
approximately 1 inch above grade. A square concrete pad, approximately 3 
feet per side, will be installed as a concrete collar surrounding the road box 
cover, and will slope uniformly downward to the adjacent grade. The road 
box and installation thereof will be of sufficient strength to withstand normal 
vehicular traffic. 

Concrete pads installed at all wells will be a minimum of 6 inches below 
grade. The concrete pad will be 124nches thick at the center and taper to 
6-inch thick at the edge. The surface of the pad should slope away from the 
protective casing to prevent water from pooling around the casing. 
Protective casing, guard posts, and flush mounts will be installed into this 
concrete. 

Each well will be properly labeled on the exterior of the locking cap or 
protective casing with a metal stamp indicating the permanent well number. 

C. Well Development 

Well development will be accomplished using a combination of surging 
throughout the well screen and pumping, until the physical and chemical 
parameters of the discharge water that are measured in the field have 
stabilized and the turbidity of the discharge water is substantially reduced. 
Fine-grained materials in the surficial aquifer at the site may not allow low 
turbidity results to be achieved. 

The surging apparatus will include two surge blocks separated by 
approximately 2 feet of coarsely slotted pipe. The lower surge block will be 
solid; the upper surge block will be open and attached to riser pipe leading to 
the ground surface. Water will be pumped continuously from the surge block 
screened interval throughout the surging process. The pumping will be 
accomplished by airlift induction methods or using a centrifugal pump or 
equivalent. 
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Following surging, the well will be pumped to remove the fine materials that 
have been drawn into the well. During pumping, measurements of pH, 
temperature, and specific conductance will be recorded. 

Development will continue by alternately surging and pumping until the 
discharge water is free from sand and silt, the turbidity is substantially 
reduced, and the pH, temperature, and specific conductance have stabilized 
at regional background levels, based on historical data. Development will 
continue for a minimum of 30 minutes. 

Well development equipment will be decontaminated prior to initial use and 
after the development of each well. Decontamination procedures are 
detailed in SOP Decontamination of Personnel and Equipment. Water 
generated during well development will be contained and managed as 
detailed in the Field Sampling Plan Investigation Denied Waste Man,agement 
Plan. 

IV. Attachments 
Schematic diagram of shallow monitoring well construction 

Revised 10/31/96 
MWShalLDoc 



5. or 8” Steei Locwng 
Protectwe Casrng 

- Concrete Pad 

10’ Mintmum Botehole 
Diameter 

2’- or 4’-ID Schedule 40 PVC 
nr .Stainlt.xsc .Staol Wall 

Expanswe Cement Grout 

- Bentonlte Seal 

2’- or 4”.10 Schedule 40 PVC 
or StaInless Steel 10 Slot Well 

I 

I 
Threaded End Plug 

rYPlCAL SHALLOW MONITORING WELL CONSTRUCTION 



STANDARDOPERATINGPROCEDURE 

Bedrock Monitoring Well Installation 

I. Purpose and Scope 
The purpose of this procedure is to outline equipment and methods that will be used 
for bedrock well instaXation and development. 

II. Equipment and Materials 
l 

. 

Drilling Rig 
Polyvinyl chloride (PVC), Schedule 40, minimum Z-inch ID, flush-threaded well 
casing 

PVC, Schedule 40, minimum 2-inch ID, flush-threaded, factory slotted well screen 

PVC, bottom cap, threaded to match the well screen. 

Centering Guides (if used). Same material as the casing, except stainless steel may 
be used in lieu of PVC. 

Above-grade well completion: PVC well cap, threaded or push-on type, vented. 

Plush-mount well completion: PVC well cap, locking, leak-proof seal. 

Clean silica sand, provided in factory-sealed bags, well-rounded, containing no 
organic material, anhydrite, gypsum, mica, or calcareous material; primary 
(coarse) filter pack, and secondary (fine) filter pack. Grain size determined based 
on sediments observed during drilling. 

Bentonite seal: Pure, additive-free bentonite pellets. 

Bentonite for grout: Pure, additive-free powdered bentonite. 

Cement-Bentonite Grout. Proportion 6 to 8 gallons of water per 94-pound ‘bag of 
Portland cement; 3 to 10 pounds of bentonite added per bag of cement to reduce 
shrinkage. 

l 

l 

l 

Above-grade protective casing: Permanent isolation casing with heavy duty 
locking cover, painted with epoxy paint for rust protection, industrial lock. 

Plush-mount protective casing: Morrison 9-inch or 12-inch 519 manhole cover; 
rubber seal for cover; heavy duty locking cap on permanent isolation casing. 

Double surge block with bottom solid, top open, separated by 2 feet of slotied pipe 
for well development 

. Pump and associated development equipment 
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. Calibrated meters to ensure pH, temperature, specific conductance, Eh, and 
dissolved oxygen of development water 

l Containerization for water produced from well 

III. Procedures and Guidelines 
A. Drilling Methods 

Boreholes for the bedrock monitoring wells will be drilled in several stages. 

Hollow-stem auger drilling, air rotary drilling, and surface casing installation 
procedures are detailed below. 

1. Hollow Stem Auger Drilling 

Hollow stem auger drilling techniques wi.lI be used to driLI boreholes 
for installation of surface isolation casing. &inch minimum ID HSA 
will be used to drill the borehole into competent bedrock. Lithologic 
samples also will be collected. Sampling procedures and frequency are 
outlined in the SAP. 

The use of water or other fluid to assist in hollow stem drilling is to be 
avoided. 

The bit of the auger is placed at the ground surface and then turned 
with the soil coring rig. To collect split spoon samples, the auger is 
advanced to the top of the sampling depth, and the split-spoon sample 
is collected from below the auger head. The split spoon is advanced 
through repeated blows from a 140- or 30-pound hammer dropped 
from a height of 30 inches. 

Soil brought to the surface on the outside of the augers should be 
containerized at a convenient space away from the working area. Soil 
may be stored on plastic sheeting and containerized at the completion 
of activities at the well cluster. 

2. Rotary DriUing 

Air rotary drilhng techniques will be used to instaB isolation casings 
and wells in each of the bedrock monitoring wells. 

When the borehole is advanced from ground surface to bedrock for 
placement of a 6-inch ID surface casing, the borehole wiIl have a 
minimum diameter of 10 inches. The borehole will extend a minimum 
of 5 feet into competent bedrock for seating of the surface casing. 

When the borehole is advanced beyond the 6-inch surface casing, the 
borehole will have a diameter of 5-7/8 inches. 

The bit, drill rods, and other borehole rotary drilling equipment will be 
decontaminated prior to the initiation of drilling and between each 
borehole location, in accordance with the decontamination procedures 
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detailed in SOP Decon. Prior to the continuation of rotary drilling in 
boreholes where a surface casing has been installed, the bit, drill rods, 
and other downhole rotary drilling equipment will be thoroughh 
decontaminated before being inserted into the borehole. 

Drill cuttings and decontamination fluids generated during rotary 
drilling activities will be contained according to the procedures 
detailed in SOP Disposal of Waste &ids and Solids and the IDW-MP. 

3. Surface Casing Installation 

Surface casing will be constructed of 6-&h ID steel with a minimum 
wall thickness of 0.20 inches. Casing lengths will be welded or 
connected by threaded connections sealed with Teflon tape. The steel 
casing and threaded couplings must be free of paint, varnish, or 
coatings of any kind, both inside and outside. Threaded connections 
must be free of oils or grease. Welding of the casing is permissible 
provided that the welds meet the Standards of the American Welding 
Society. Surface casing will be decontaminated prior to installa.tion in 
accordance with the procedures detailed in SOP Decontamination of 
Drilling Rigs and Equipment. The 6-inch ID surface casing wiH be 
installed in a minimum lO-inch diameter borehole, drilled at least 5 feet 
into competent bedrock. 

The surface casing will be installed and grouted in place by a grout 
displacement method. The bottom of the surface casing is fitted with a 
tight, drillable plug. The borehole is then filled with the estimated 
volume of cement-bentonite grout to fill the annular space, and the 
casing is lowered to the bottom of the borehole (displacement method). 
If the weight of the casing is not sufficient to displace the grout and 
aIlow the casing to sink to the bottom of the borehole, the casing rnay 
be filled with clean water. 

After the surface casing installation, the grout will be allowed to set up 
for at least 12 hours before drilling proceeds. The casings will be 
pressure tested by filling the casing with clean water to within a short 
distance of the top and pressurizing the casing to approximately 20 psi 
(net pressure above ambient groundwater). A pressure drop of less 
than 1 psi in 5 minutes will prove an adequate seal. 

B. Monitoring Well Installation 

The appropriate lengths of well screen, nominally 10 feet (with bottom cap), 
and casing will be joined watertight, and lowered to the bottom of the 
borehole. Centering guides they will be placed at intervals around the well 
casing, at the base of the screen, and 5 feet above the top of the well screen. 

Selection of final filter pack and well screen depths for the wells shall be made 
in the field. 
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A primary sand pack consisting of clean Morie No. 1 silica sand will be placed 
around the well screen. The sand will be placed into the borehole at a uniform 
rate, in a manner that will allow even placement of the sand pack. During 
placement of the sand, the position of the top of the sand will be continuously 
sounded using a stainless steel weight attached to a fiberglass tape measure. 
The primary sand pack will be extended from the bottom of the borehole to a 
minimum height of 2 feet above the top of the well screen. A secondary (fine) 
sand pack will then be installed to a minimum of 1 foot above the primary 
sand pack. 

A bentonite pellet seal at least 2 feet thick will be placed above the sand pack. 
The pellets will be placed into the borehole in a manner that will prevent 
bridging. The position of the top of the bentonite seal will be verified using a 
weighted tape measure. A hydration period of at least 30 minutes will be 
allowed following installation of the bentonite seal. 

Above the bentonite seal, an annular seal of cement-bentonite grout will be 
placed. The cement-bentonite grout will be installed continuously in one 
operation from the top of the bentonite seal to the ground surface. The cement- 
bentonite grout will be installed through a txernie pipe. The tremie pipe must 
be plugged at the bottom Small openings along the bottom l-foot length of 
pipe wilI allow the grout to diffuse IateraUy into the borehoIe and to avoid 
disturbance the bentonite pellet seal. 

For monitoring wells that will be completed above-grade, the surface casing 
itself will serve as the protective casing. The surface casing will be finished 2 to 
3 feet above grade and fitted with a locking steel cap. A concrete pad with four 
guard posts will be instaJ.Ied. 

The concrete pad will be square, approximately 3 feet per side, poured into 
wooden forms. The concrete will be sloped away from the protective casing. 
The concrete pad will extend at least 6 inches below and 6 inches above the 
ground surface. 

Four steel guard posts will be installed around the locking casing, within the 
edges of the concrete pad. Guard posts would be concrete-filled, at least 2 
inches in diameter, and would extend at least 2 feet into the ground and 3 feet 
above the ground. The protective casing and guard posts will be painted with 
an epoxy paint to prevent rust. 

For monitoring wells with flush-mount completions, a Morrison 519 manhole 
cover with a rubber-sealed cover and drain will be installed. The top of the 
manhole will be positioned approximately 1 inch above grade. A square 
concrete pad, approximately 3 feet per side, will be installed as a concrete 
collar surrounding the road box cover, and will slope un.iforrnly downward to 
the adjacent grade. The road box and installation thereof will be of sufficient 
strength to withstand normal vehicular traffic. The concrete pad will extend at 
least 12 inches below the ground surface. 

Inside the manhole, a locking cap will be placed over the permanent casing. 
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Each weIl will be labeled on the exterior of the locking cap with a metal stamp 
indicating the permanent well number. 

, ..^._ 
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STANDARDOPERATINGPROCEDURE 

General Guidance for Monitoring Well 
Installation 

I. 

II. 

Ill. 

IV. Procedures and Guidelines 

Purpose 
To provide site personnel with a review of the well installation procedures that will 
be performed. These procedures are to be considered general guidelines only and 
are in no way intended to supplement or replace the contractual specifications in the 
driller’s subcontract. 

Scope 
Bedrock well installations and shallow unconsolidated well installations are 
planned. 

Equipment and Materials 

1. Wells will be installed in accordance with standard EPA procedures. Note 
that USEPA Region III requires any well penetrating a confining layer to be 
double cased. 

2. 

3. 

The threaded connections will be water-tight. 

Shallow well screens will be constructed of 0.010 slot Schedule 40 PVC and 
will be 5 to 10 feet in length depending on saturated thickness of 
unconsolidated sediments. The exact length will be determined by the field 
team supervisor. 

4. Wells will be surrounded by three concrete-filled, 4inch diameter guard 
posts. 

5. 

6. 

A record of the finished well construction will be compiled. 

All soils and liquids generated during well installations will be drunrmed for 
proper disposal. 
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Shallow Unconsolidated Well Installation 
l Monitoring wells in unconsolidated materials will be installed in at least 

6-inch-diameter boreholes to accommodate well completion materials in 
designated locations. 

l Unconsolidated monitoring wells will be constructed of 2-inch-diameter, 
factory manufactured, flush-jointed, schedule 40 PVC screen with threaded 
bottom plug and riser. 

l Screens will be filter packed with a proper sized and graded, thoroughly 
washed, sound, durable, well-rounded basalt or siliceous sand. 

l The filter pack will extend from 1 to 2 feet below the base to 2 feet above the 
top of the screen; filter pack will be allowed to settle before final 
measurement is taken. 

l Annular well seals will consist of 2 feet of pelletized bentonite clay and 
placed above the filter pack. 

l The top of the annular seal will be measured after the pellets have been 
allowed to settle and before the grout is applied. 

. The annular space above the bentonite seal will be filled to grade with a 
bentonite-cement slurry grout mixture. 

l The grout mixture consists of 94 lbs of cement (1 bag) per 6 gallons of water 
and 2 to 3 lbs of powdered bentonite per bag of cement to reduce shrinkage. 

l The grout mix will be carefully applied to avoid disturbing the bentonite 
seal; the method of grout placement must force grout from the bottom of the 
space to be grouted to the surface. 

. After allowing the grout to settle overnight, additional grout will be added to 
maintain grade. 

l A protective steel casing equipped with keyed alike locking caps wilI be 
grouted in place for each new well; the casing will extend at least 2 feet 
above grade and painted a bright color. 

Well Development 
l New monitoring wells will be developed after the well has been completely 

installed and the grout has hardened (at least 24 hours) 

l The well wii.I be developed by surging and pumping. 

l Equipment placed in the well will be decontaminated before use. 

. Development will include surging the well by abruptly stopping flow and 
allowing water in the well column to fall back into the well. 

l Pipes and pumps must not be fitted with foot valves or other devices that 
might inhibit the return flow of water to the well. 
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. Surging should continue throughout the development process. 

. The air lift method will be used to pump materials out of the well. The air 
compressor will be fitted with filters to remove all oil and the air lift hose 
used will be made of inert materials. 

l Well development will continue until the water produced is free of turbidity, 
sand, and silt. 

l Development water will be considered hazardous and placed in sealed 
55-gallon U.S. DOT approved steel drums supplied by CH2M HILL. CH2M 
HILL will label and date the drums, and transport the drums to an EF’A 
designated site for storage. 

V. Attachments 
None. 

VI. Key Check and Items 
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STANDARDOPERATINGPROCEDURE 

Aquifer Slug Testing 

. Purpose and Scope 
The purpose of this procedure is to outline the equipment and methods that will be 
used to perform variable-head tests (“slug” tests) on the new monitoring wells. 

II. Equipment and Materials 
Campbell Scientific, Inc., Model 21X datalogger 
Druck pressure transducers 
Well testing assembly (“beast”) 

packer 
fittings for pressure transducers 
fittings for air supply 
release valve 

Compressed air 
Computer and associated equipment 
Solid displacement device with rope 

Ill. Procedures and Guidelines 
The tests which will be performed are rising head tests. The tests are accomplished by 
lowering the head of water in the well, and monitoring the recovery of the water level 
to the static water level. The water level will be lowered by one of two methods. In 
most cases, an air displacement device will be used. An alternate method is the use of 
a solid displacement device removed from the well. 

The air displacement apparatus consists of a packer assembly, fittings to accommodate 
transducers and air pressurization, and a pressure-release valve. The packer is 
lowered into the upper portion of the monitoring well, secured in place and inflated, 
providing a seal between the apparatus and the inside of the well. Two fittings are 
provided for pressure transducers; one transducer is fed through the inside of the 
device and positioned below the water surface, and the other is inserted to measure 
the air pressure inside the assembly. A third fitting is connected to the pressurized air 
supply, a compressed air tank. 

The datalogger will be programmed to display the air pressure in units of head, the 
head measured by the submerged transducer, and the difference between the two. 
The difference between the two pressure transducers is the height of the water column 
on the submerged transducer. These readings are recorded in a field notebook, and 
then the assembly is pressurized. The air pressure applied will be equivalent t’o 3 to 7 

Slug.doc Revised 10/31/96 1 



feet of head. The pressures are allowed to stabilize. The pressure of the air should not 
lower the water level to below the base of the bentonite seal installed in the well. 

Each test is started by releasing the air pressure inside the assembly and allowing the 
water level to rise to the static water level. When the datalogger perceives a change in 
water level in the well above a preset trigger amount, it automatically begins to record 
the water levels and elapsed time. Each test will be terminated when the water level 
has recovered to at least 90 percent of the original equilibrium level before 
pressurization. 

At some wells, it may be necessary to use an alternate method of lowering the water 
level because the well is screened across or near the water table. A single transducer 
will be installed in the well below the water table. A weighted solid displacement 
device is added to the well and the water level allowed to stabilize at the original static 
water level. 

The test was started by rapidly removing the displacement device, which causes a 
drop in the water level. The data logger begins recording the water level and elapsed 
time when the preset trigger amount is reached. Readings are taken as above, and the 
test stopped when the well has recovered to 90 percent of the original level. 

At the end of each day, the test results will be transferred to a computer disk. The 
computer will be attached to the data logger and the data downloaded and checked 
for preliminary completeness. 

IV. Attachments 
None. 

V. Key Checks and Preventive Maintenance 
Check that the packer assembly is in good condition and not leaking. Provide a repair 
kit including tape and clamps. Take additional packer assembly and other spare parts. 

Check the batteries for the datalogger and computer. Check that the computer disks 
containing the programs for the datalogger are packed. Include blank computer disks 
for file storage. 

Check the datalogger calculation of the well hydraulic conductivity at the end of each 
test to determine if these are consistent with expectations. 
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STANDARDOPERATINGPROCEDURE 

Water-Level Measurements 

I. 

Il. 

III. 

IV. 

Purpose and Scope 
The purpose of this procedure is to provide a guideline for the measurement of the 
depth to groundwater in monitoring wells, where a second phase of floating liquid 
(e.g., gasoline) is not encountered. This SOP includes guidelines for discrete 
measurements of static water levels. 

Equipment and Materials 
A. Discrete Measurements of Static Water Level 

0 Electronic water level meter, Solinst or equivalent, with a minimum 
100-foot tape; the tape should have graduations in increments of 0.01 
feet or less 

Procedures and Guidelines 
A. Measurement of Static Water Level 

Verify that the unit is turned on and functioning properly. Slowly lower the 
probe on its cable into the well until the probe just contacts the water surface; 
the unit will respond with a tone or light signal. Sight across the top of the 
locking well casing adjacent to the measuring point, recording the position of 
the cable when the probe is at the water surface. The measuring point will be a 
standardized surveyed location on the top of each well casing, adjacent to the 
lock hasp, indicated by a notch, paint mark, or similar method. Measure the 
distance from this point to the closest interval marker on the tape, and record 
the water level reading in the log book. 

Measure and record the three following additional readings: (1) the depth of 
the well; (2) the depth from the top of the casing to the top of the well riser; and 
(3) the distance to the surface of the concrete pad or to ground. Measurements 
are to be taken with respect to the measuring point on the top of the wlell 
casing. The depth of the well may be measured using the water-level probe 
with the instrument turned off. 

Attachments 
None. 
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V. Key Checks and Preventative Maintenance 
A. Discrete Measurements of Static Water Level 

Prior to each use, verify that the battery is charged by pressing the test button 
on the water-level meter. Verify that the unit is operating correctly by testing 
the probe in distilled or deionized water. Leave the unit turned off when not 
inuse. 
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STANDARDOPERATINGPROCEDURE 

Seepage Meter 

I. Purpose 
The purpose of this procedure is to provide general guidance and reference material 
regarding the installation and use of seepage meters at various sites. 

Il. Scope 
This SOP describes the methods of installing a seepage meter and calculating 
seepage flux. 

III. Definitions 
Seepage Meter - An instrument that measures the flow rate between the groumd- 
water and the overlying surface water with plastic bag containing a known volume 
of water attached to an open bottom container covering an area of sediment and 
submerged in a water body. 

IV. Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that project - 
specific plans are in accordance with these procedures, where applicable, or that 
other approved procedures are developed. The Project Manager is responsible for 
selecting qualified individuals for the monitoring activities. 

Field Team Leader - It is the responsibility of the Field Team Leader to implement 
these procedures in the field, and to ensure that the Field Investigation Personnel 
performing the testing activities have been briefed and trained to execute these 
procedures before the start of site operations. 

Field team - It is the responsibility of the field team to follow these procedures or to 
follow documented project-specific procedures as directed by the Field Team 
Leader. The field team is responsible for installing the seepage meter and recording 
the results in the field logbook during each test. 

V. Procedures 
The seepage meter test wilI determine the type of hydraulic interaction between a 
shallow groundwater table and the surface water body. The test will also determine 
the groundwater velocity or seepage flux. 

. 
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A. Seepage Meter Construction 
The seepage meter instrument can be made by cutting the end section 
(approximately 5 to 10 inches long) from a 55-gallon drum. A valve is attached to 
the side near the closed top of the inverted drum. Tygon tubing with an in-line 
needle valve is attached to the valve. A thinwalled plastic bag containing a known 
volume of water is attached to the tubing. 

B. Seepage Meter Testing 
Installation of the seepage meter consists of slowly pushing the open end into the 
sediments until the top rests on the surface water body sediments, with a slight tilt 
so that the valve represents the highest point of the system. The plastic bag must be 
submerged to maintain the same piezometric head in the seepage meter as the 
surface water. The needle valve is opened to bleed any air in the system connecting 
the system to the surface water. After the sediments return to an undisturbed state, 
the test is started by opening the valve attached to the drum and monitoring time for 
the appropriate period. When the appropriate amount of time has passes, the valve 
attached to the drum is closed and the volume of water within the bag is measured. 
The type of hydraulic interaction between the groundwater and surface water body 
is determined. If the measured water volume is greater than the original volume, 
groundwater is discharging to the surface water, and if the measured amount of 
water is less than the original volume, the surface water is discharging to 
groundwater. 

C. Calculations 
The procedure for calculating the groundwater velocity or seepage flux is 
determined by the following equation: 

(volume chance, cm 3 )(0.06431 
Q (w-44 = (elapsed time, min.) 

where Q is seepage flux, the factor 0.0643 converts units of time, volume and area 
covered by the seepage meter (0.255 M2) to equivalent units of velocity (pm/s) or 
seepage flu (cm”/ mz/ s) . 

VI. Quality Assurance Records 
The field logbook will serve as quality assurance record for water volume 
measurements and elapsed time monitoring. 

VII. References 
Lee, D. R. and J. A. Cherry. 1978. A field exercise on groundwater flow using 
seepage meters and mini piezometers. JoumaI ofGe~Zogica2 Education. Volutie 27. 
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I. 

II. 

Ill. 

Purpose 
This SOP provides general reference information and standard techniques for using 
magnetometry. 

Scope 
This Sop provides a description of the field procedures, equipment, and 
interpretation methods necessary to fully utilize this procedure. 

Definitions 
Diurnal variations - daily changes in the total magnetic field strength due to solar 
activity and which (may be as large as 100 g ammas or more) 

Gradient - change in magnetic field strength in a given vertical or horizontal 
distance 

Magnetic storm - sudden and simultaneous variations of up to several hundred 
gammas throughout the world. Magnetic storms can occur as often as several times 
a month and can last one to several days. 

Total magnetic field intensity - a scaler measurement of the magnitude of the earth’s 
magnetic field vector independent of its direction. 

IV. Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that the project- 
specific plans are in accordance with these procedures, where applicable, or that 
other approved procedures are developed. The Project Manager is responsible for 
ensuring that the personnel operating and interpreting the geophysical data are 
trained, skilled in that endeavor, so far as to receiving documentation on the training 
and experience of the operating personnel. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing 
the geophysical technique and equipment to be used. It is the responsibility of the 
Field Team Leader to ensure that these procedures are implemented in the field and 
to ensure that the field investigation personnel performing the activities have been 
briefed and trained to execute these procedures. 

STANDARDOPERATINGPROCEDURE 

Magnetometry 
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V. PROCEDURES 

A. Overview 
Magnetic surveying is a passive geophysical technique which measures the strength 
of the earth’s magnetic field. The earth’s field is a vector quantity having a unique 
magnitude and direction at every point on the earth’s surface. A magnetometer is 
the instrument which measures the magnetic field strength in units of gammas or 
nanoteslas. In order to recognize a magnetic anomaly, it must be several times 
larger than the background noise level along that profile. Buried ferrous metal 
objects such as steel drums or tanks cause local variations or anomalies in the earth’s 
magnetic field that can be detected by a magnetometer. Geologic features such as 
igneous intrusion or iron rich sands can also be mapped using magnetic surveying. 

The earth’s magnetic field is not completely stable. It undergoes long-term (secular) 
variations over centuries; small, daily (diurnal) variations (less than 1% of the total 
field magnitude); and transient fluctuations called magnetic storms resulting from 
solar flare phenomena. Both naturally-occurring and manmade magnetic materials 
can modify the earth’s magnetic field locally. 

. 

Analysis of magnetic data by an experienced geophysicist can provide an estimate of 
the area1 extent and quantity of buried ferrous objects. Depth of burial approxi- 
mations can be made using graphical methods of interpretation such as slope 
techniques and half-width rules as described in Nettleton (1976). 

B. Application and Uses 
Buried ferrous metal objects such as pipelines, barrels, tanks, etc., generally produce 
a perturbation in the earth’s naturaIly occurring magnetic field. The size 
(amplitude) of this perturbation is related to the size of, distance to, susceptibility 
and remnant magnetization of the buried object. The magnetic survey method, 
therefore, is a useful tool for site studies to locate and identify buried ferrous metal. 
Non-anomalous magnetic data acquired over EM conductivity anomalies is an 
indication of the existence of buried conductive, non-ferrous metal (copper, 
aluminum, brass) objects. 

Magnetic data also can be helpful in determinin g the size and geometry of geologic 
features such as fault zones, mineralized zones, and bedrock valleys and 
depressions. These features are characterized generally by longer wavelength 
anomalies and are readily distinguishable from anomalies associated with buried 
metal. In many areas, such geologic features may control or affect the direction and 
magnitude of groundwater flow. 

The total field proton precession magnetometer, the fluxgate magnetometer, and the 
magnetic gradiometer are commonly used magnetometers in environmental site 
investigations. The total field proton precession magnetometer is the most 
commonly used magnetometer because they are easy to operate, have no 
instrumental drift, and can acquire data rapidly. The fluxgate magnetometer can 
better define the boundaries of buried ferrous objects than the proton precession 
magnetometer but is subject to instrument drift, and needs to be exactly oriented. 
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C. Equipment 

ID. 

Magnetic g-radiometer measurements enhance anomalies resulting from shallow 
magnetic sources. 

Magnetometers commonly used in hazardous waste site investigations include the 
total field proton procession magnetometer, the flux gate magnetometer, and. the 
magnetic g-radiometer. Text books such as Telford (1976) and Nettleton (1976) 
discuss in detail the operation and construction of these and other magnetometers. 

The total field proton procession magnetometer is the most commonly used 
magnetometer in hazardous waste investigations. This instrument utilizes the 
precession of spinning protons of hydrogen atoms in a sample fluid (kerosene, 
alcohol or water) to measure the total magnetic field intensity. Total field proton 
precession magnetometers are portable and do not require precise orientation and 
leveling; the sensor must be oriented with one side facing approximately north and 
the sensor held stationary during the cycling period. Proton precession 
magnetometers have no instrument drift, do not require calibrations, are easy to 
operate, and have an accuracy of 0.1 gamma. Most modem proton precessicln 
magnetometers have digital readouts and electronic storage of data. 

Vertical magnetic g-radiometers are magnetometers that measure vertical differences 
of the earth’s total magnetic field. Gradient measurements enhance magnetic 
anomalies resulting from near surface magnetic source and discrimination b!etween 
neighboring magnetic anomalies is also enhanced. These measurements are 
generaIly made using an instrument similar to a total field magnetometer that has 
two or more sensors mounted on a staff. The sensors are vertically separated by a 
constant distance, usually one to three feet. Gradient readings are adversely affected 
by ferrous metal surface debris since signals from this surface debris are also 
amplified. Consequently, removal of surface metal should be considered before 
conducting a gradiometer survey. 

The flux gate magnetometer was developed during World War II as a.submarine 
detector. Text books such as Telford (1976), RAO and Murthy (1978) explain in 
detail the principals of operation of the flux gate magnetometer. A fluxgate 
magnetometer can define the boundaries of regions of buried ferrous metal objects 
more precisely than the proton precession magnetometer. There are several sources 
of errors in flw< gate magnetometers including unbalance in the two coils, thermal 
and shock noise, circuit drift and temperature sensitivity. The advantages are direct 
readout, no azimuth orientation, coarse leveling required, light weight and 
portability (Telford, 1976). 

field Procedures 
Magnetic data are generally acquired at relatively close station spacings (5 to 50 foot 
intervals) along closely spaced (10 to 50 feet) parallel survey lines. 

Magnetic data can be acquired in a rectangular grid pattern or along traverses. Grid 
data are readings acquired at the nodes of a rectangular grid; traverse data is 
acquired at fixed intervals along a line. Traverse data is often preferable to grid data 
because it generally is less expensive to acquire (heavily vegetated sites require time 
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consuming brush cutting to establish a complete grid) and more useful for inter- 
pretation than an equal number of grid readings. Traverse lines generally ought to 
be oriented in a north-south direction so that the maximum amplitude of an 
anomaly can be detected. However, line orientations are often more dependent on 
site obstacles and sources of magnetic noise. 

Station and line spacing intervals are determined on the basis of the desired 
resolution of the survey. If individual drums or clusters of deeply (greater than 
25 feet) buried drums are the objective of the survey, then a detailed magnetic 
survey with relatively close station spacings (approximately 5 to 10 feet) and line 
spacings (approximately 10 to 25 feet) should be used. If large metal objects such as 
10,000 galIon tanks or trenches filled with barrels are the objective of the magnetic 
survey, then a reconnaissance or screening survey with longer station spacings (25, 
50, or 100 feet) and line spacings of (25,50, or 100 feet) may be appropriate. 

In conducting a survey, the field operator must avoid or note any sour& of high 
magnetic gradients and alternating currents, such as power lines, buildings, and any 
large iron or steel objects. It is also important that the operator be relatively free of 
magnetic materials on his/her person and the magnetometer sensor be kept clean to 
avoid possible magnetic-bearing soil. Periodically during a survey, and particularly 
when an anomaly is detected, it is important to establish that the magnetometer is 
providing valid readings and not random, meaningless instrument noise. The 
simplest means of verifying magnetometer field readings is to take several 
successive readings at one location. These readings should repeat to within f 1 
gamma. Readings are taken at predetermined intervals which depend on the nature 
of the survey and which may have to be modified depending on the gradients 
encountered. For detailed surveys, a base station or the reoccupation of a set of 
stations several times a day or a continuous monitoring station (within 100 miles) is 
established to check for diurnal variations and magnetic storms. At the height of a 
magnetic storm, magnetic surveying may be impractical due to the large 
instantaneous changes in the total magnetic field. 

Interpretation 

1. Data Analysis 
Magnetic data can be corrected for diurnal variations; however, diurnal changes are 
generally very gradual and linear and should not have the extreme fluctuations 
associated with buried ferrous metal objects. Magnetic data can be plotted in profile 
form or contoured depending upon the survey coverage. Noise sources (surface 
ferrous metal objects, fences, power lines, etc.) should be noted on the profiles or 
contour map so that anomalies due to these known sources can be accounted for. * 
The amplitudes of similar sized surface metal objects should be compared. If similar 
sized ferrous metal surface objects have extremely different anomaly amplitudes, it 
may be an indication that buried ferrous metal objects exist in the vicinity of the 
higher amplitude anomalies. 
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2. Presentation of Results 
The results of a magnetic survey should be presented in profile and/or contour map 
form. The orientation of the traverses should be indicated on profiles and lines of 
coverage on contour maps. Locations of observed ferrous metal and other cultural 
features (hills, valleys, streams, etc.) should be noted on both the profile and the 
contour maps. 

3. Interpretation 
Magnetic anomalies can be analyzed both qualitatively and quantitatively. The 
shape and gradient of an anomaly (slope, wave-length, amplitude, etc.) contains 
enough information to draw qualitative conclusions regarding the location and 
depth of the causative source. 

Quantitative computer modeling interpretations of magnetic data are complicated 
both by the inherent complexity of dipole magnetic behavior and by the fact that a 
number of different types and configurations of sources can cause the same 
anomaly. Where the properties of the earth’s field and the local geologic materials 
(inclination, declination, susceptibility, and remanent magnetization) are well 
known, reasonable assumptions regarding the nature of the source- can be made, 
and a fairly accurate model of the source generally can be derived. 

F. Advantages and Limitations 
Advantages of the magnetic survey method include: 

0 Rapid operation 
. Low expense 
0 Identification of buried metal (ferrous) 
l Sensitivity to small ferrous objects 

Limitations of the magnetic survey method include: 

l Susceptible to effects of manmade structures, utilities, buildings, fences, etc. 
l Detection is limited to the distance to and quantity of ferrous metal present 

VI. Quality Assurance Records 
All data will be recorded in log books and/ or data logging sheets designed for this 
procedure. All data will be entered with,the following basic information: date, start 
and end times (military time), location, personnel on site, Contract Task Order 
number, and weather. 
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STANDARDOPERATINGFROCEDURE 

Ground-Penetrating Radar (GPR) 

I. 

II. 

Ill. 

Purpose 
The purpose of this SOP is to provide general reference information and technical 
guidance on the methods and techniques of ground-penetrating radar (GPR>I. 

Scope 
These procedures provide overall technical guidance. 

Definitions 
Bistatic Antenna - An antenna system in which transmitting and receiver coils are 
housed in separate antenna units. 

Deconvolution - A computer processing method. The process of undoing the effect 
of another filter (in this instance the “earth”). A process that removes ringing, 
multiples, ghosts, and some background noise (Sheriff, 1973). 

Dielectric Permittivity - (Also known as the relative dielectric permittivity): ‘1. A 
complex number consisting of a real and imaginary part, which uniquely describes 
the propagation and attenuation of electromagnetic energy in every material. The 
real dielectric permittivity (dielectric constant) characterizes the propagation and 
reflection of electromagnetic (EM) waves, while the imaginary part (dielectric loss) 
characterizes the attenuation of EM signal (Kutrubes and Olhoeft, 1987). 2. A 
measure of the capacity of a material to store charge when an electric field is applied 
(Sheriff, 1973). 

Electromagnetic Waves - One of the waves that are propagated by simultaneous 
periodic variations of electric and magnetic field intensity and that include radio 
waves, infrared, visible light, ultraviolet, X-rays and gamma rays (Webster’s New 
Collegiate Dictionary. 1979). 

Migration - here velocity varies laterally, data will migrate (relative to the time 
versus antenna distance plot), and ray tracing is used to determine migrated 
positions (Sheriff, 1973). 

IV. Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that the project- 
specific plans are in accordance with these procedures, where applicable, or that 
other approved procedures are developed. The Project Manager is responsible for 
ensuring that the personnel operating and interpreting the geophysical data are 
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trained, skilled in that endeavor, so far as to receiving documentation on the training 
and experience of the operating personnel. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing 
the geophysical technique and equipment to be used. It is the responsibility of the 
Field Team Leader to ensure that these procedures are implemented in the field and 
to ensure that the field investigation personnel performing the activities have been 
briefed and trained to execute these procedures. 

V. Procedures 

A. Overview 
Ground penetrating radar (GPR) is an active geophysical system which transmits 
high frequency electromagnetic (EM) waves into the ground and detects the energy 
reflected back to the -surface. GPR operates on a similar principle as seismic 
reflection, except, instead of acoustic waves, electromagnetic waves of radio and 
microwave frequencies (80 MHz to 1,000 MHz) are utilized. Electromagnetic signals 
are reflected back to the surface from interfaces with differing electrical properties, 
such as dielectric permittivity and conductivity. The greater the contrast in the real 
dielectric permittivity (dielectric constant) between two materials, the more energy 
is reflected to the surface. Reflections typically occur at lithologic changes, 
subsurface discontinuities, and internal soil structures such as: 

l Top of bedrock surfaces 
. Soil and rock stratification 
. Water table 
l Seepage and leachate zones 
0 Buried metal objects such as drums and utilities 
a Open and water filled voids 
0 Bedrock fractures 
l Archaeological structures 

The depth of penetration of GPR is site specific, being limited by the attenuation of 
the electromagnetic energy. Signal attenuation is controlled by four different 
mechanisms listed below, any or all of which may be present at a site. 

0 Scattering losses 
. Conduction losses 
. Water losses 
a Clay losses 

Energy losses due to scattering occur when signals are dispersed in random 
directions, away from the receiving antenna, by large irregularly shaped objects, 
such as boulders and tree stumps. 

Signal attenuation due to conduction is a function of the conductivity of a material, 
which varies with mineral composition, the amount of water, and the total dissolved 
solids (salt, heavy metals) within the water. The greater the electrical conductivity 
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values of materials at a site, the more signal attenuation (hence less penetration) 
there will be. 

Energy losses attributed to water occur when water molecules polarize in the 
presence of the applied electromagnetic field. Electromagnetic energy is lost to the 
radar system when it is converted to kinetic and thermal energy as a result of the 
rotation of water molecules. 

Signal attenuation due to clay losses occurs when electrochemically charged ions 
polarize along clay surfaces in the presence of the electromagnetic field induced by 
the radar system The migration and subsequent collision of these charged p.articles 
causes electromagnetic energy to be converted to kinetic and thermal energy, which 
is lost to the radar system. 

Signal penetration is also dependent on the frequency of the transmitting antenna 
used in the radar system. Higher frequency antennas produce waves with shorter 
wave lengths, which are attenuated more rapidly with depth, but give better 
resolution. Specially designed 2 MHz antennas have been used to detect the ice- 
rock boundary of a 2 km thick glacier. Penetration of up to 75 feet has been reported 
for water saturated, clean sands in a Massachusetts glacial delta using a commercial 
antenna. Signal penetration in saturated clays, on the other hand, is on the order of 
magnitude of a few inches. Olhoeft (1986a) determined that even 5% clay added to a 
clean sand and gravel will cause a decrease in penetration by a factor of 20. Salt 
water is also a high loss substance, as signal penetration in sea water is less than a 
foot. It is important to note that in a layered medium a single, highly reflective layer 
alone can limit signal penetration by preventing the propagation of energy through 
it. In this instance the apparent loss of energy is caused by reflection rather than by 
signal attenuation. 

B. Applications and Uses 
Ground penetrating radar (GPR) is a shallow penetrating geophysical profiling 
system used where rapid and accurate surveys are desired. GPR can be used for 
both area and source detection studies. GPR has been used to locate underground 
pipes, buried drums, foundations, voids in rock and concrete, lithologic cont,acts, 
determine stratigraphy, depth to the water table, and depth to bedrock, locate 
buried archaeological artifacts, excavations, filled pits and lagoons, and numerous 
other site specific applications. GPR has been used successfully to delineate the 
lateral extent of plumes. Haeni et al. (1985) used GPR to investigate the thickness, 
type, and extent of sediments beneath a frozen lake with a 80 MHz antenna. The 
information acquired with GPR was used to help map the lateral extent of an 
aquiclude, and better estimate inputs to the mass balance equation for water budget 
calculations. 

A GPR system can be used to determine depths to reflecting discontinuities by 
conducting a depth calibration. Typically, calibration is performed by moving the 
radar antenna over a metal target of known depth, such as a buried metal plate. 
Also, if transmitting and receiving antennas are housed in different units, 
designated as a bistatic antenna system, a common depth- point (CDP) survey, 
identical to surveys conducted with seismic reflection, can be used to calculate the 
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velocity of the medium, and hence depth to the reflector. Sakayama and others 
(1988) describe another method to calculate velocity from bistatic antennas where 
the receiving antenna is continually moved away from the stationary transmitting 
antenna. The velocities of the direct arrival and the first strong reflector are 
recalculated from the inverse slope of the time-distance display (antenna separation) 
on the GPR record in a similar manner as seismic refraction. 

To verify GPR results, other geophysical or ground truth methods can be utilized. 
Haeni et al. (1985) utilized seismic refraction to correlate calculated depths of 
stratigraphic horizons and water tables with radar reflections. Magnetometry and 
electromagnetic induction methods have been utilized to verify the presence of 
buried drums and fuel tanks. Electromagnetic induction and electrical resistivity 
have been utilized to verify the lateral extent of conductive plumes. The depth to a 
particular reflector or target can also be verified by boreholes and/or test pit 
excavation. 

C. Equipment 
A ground penetrating radar system, shown on Figure 1, consists of. 

l AC/DC power supply 
0 Control unit (pulse transmitter) 
l Antenna(s) 
. Graphic recorder 
l Digital recorder (optional) 
. Magnetic tape recorder (optional) 
l Coaxial cable which connects the control unit to the antenna 

Typically, radar antennas contain both the transmitter and receiver within one 
fiberglass unit. Once a radar impulse is transmitted, the antenna switches to the 
receiver mode and records reflected radar impulses. The pulse receiver contains an 
amplifier which increase the amplitude of reflected signals. Bistatic antennas 
(transmitter-receiver are separate) allow the coverage of larger areas with one pass, 
and multi-receiver combinations allow the “stacking” of radar data which increases 
the signal to noise ratio. 

Field data are generally printed by a graphic recorder and simultaneously can be 
stored on magnetic tape or diskette. The graphic recorder produces a continuous 
time (vertical) versus distance (horizontal) profile of the subsurface for field quality 
control and qualitative interpretations. Radar impulses are synchronized with the 
swept-stylus type graphic recorder, producing a dark band proportional to the 
amplitude of reflected radar signal. Because the antenna is moving, each pass of the 
stylus represents a slightly different antenna position. Gradually, as the recorder 
paper advances under the moving stylus, a pattern of reflective interfaces emerges. 

Storage of data on diskette or magnetic tape allows opportunity of additional 
printing and/or computer processing for the refinement of data. Deconvolution of 
stored data enhances stratigraphic reflections from the water table and soil 
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structures (Olhoeft, 1988). Migration of data allows easier resolution of metallic 
targets, such as buried drums, and delineation of excavations and sinkholes (Hogan, 
1988). 

Radar systems are designed to use antennas of various electrical characteristics. 
Selection of the antenna is dictated by the requirements of the survey. If high 
resolution, near-surface data are desired, a small, high frequency antenna is used; if 
the survey requires deeper probing, a larger, lower frequency antenna is used (80, 
120,250,300,400,500,900, and 1,000 MHz antennas are commercially available). 
The drawback of using the lower frequency antennas is that resolution of data is 
sacrificed for penetration. Also, the low frequency antennas (less than 250 MHz) are 
generally not shielded, making them susceptible to overhead power line noise and 
spurious reflections from passing cars. The 900 and 1,000 MHz antennas are used 
almost exclusively for short penetration projects such as the detection of rebar in 
concrete, as their penetration is generally limited to 2 to 3 feet. 

D. Field Procedures 
The majority of time involved with any GPR survey is spent establishing survey 
lines in the area of investigation so that detected anomalies can be easily located and 
excavated. Survey lines should be set to maximiz e coverage, while maintaining a 
grid spacing proportional to the presumed target dimensions. A minimum survey 
line spacing of 10 feet is desired when looking for a 1,000 gallon fuel tank, while a 
larger spacing of 50 feet or more may be used to define the lateral extent of a 
conductive plume. 

At the onset of any GPR survey the radar control unit should be adjusted for the 
anticipated depth of penetration. Adjustments of the time window of exploration 
should be made by estimating the velocity of the medium and desired depth of 
penetration. Most surveys can be effectively conducted with a minimum time 
window of 50 nanoseconds. 

Accurate determination of the depth to any layer requires calibration of the radar 
system. The easiest way of calibrating the GPR system to specific settings is by 
burying a plate at a measured depth, and moving the antenna slowly along the 
survey line. The plate will produce on the GPR record a thick, dark band, parabolic 
or flat in shape, with many multiple reflections beneath it. Once a certain 
confidence level is attained from depth calibration, the survey is conducted by 
slowly pulling the antenna along survey lines. A slow walking pace increases the 
horizontal resolution as radar signals are propagated in a 15 to 45 degree cone from 
the bottom of the antenna. A slow walking pace is recommended for hazardous 
waste investigations as targets are better defined and easier to resolve. On the other 
hand, the radar antenna can be towed from the back of a car or truck at speeds up to 
10 miles an hour if the “target” is a continuous reflector, such as the water table. 

E. Interpretation 
A typical GPR record is shown on Figure 1. A representation of a single GPR signal 
pulse is shown along the side of the record. The horizontal scale of the record is 
maintained by marking on the record the locations of survey stations as they are 
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F. 

reached by the antenna. Accurate determination of the vertical scale (i.e., conversion 
of a time into a depth) requires calibration of the radar system. If the depth to a 
known reflector can not be determined through calibration or verification using 
boreholes and test pits, the velocity of the medium can be approximated from 
relationships involving the velocity of the medium, and the dielectric constant (real 
dielectric permittivity) of the medium. Values of the dielectric constant can be 
found in GSSI (1974), and Kutrubes (1986). It is important to note that the 
relationship is no longer valid when signal losses are great. The depth to the 
reflector can be calculated from time and velocity values. 

Interpretation of GPR data is subjective, even among experienced interpreters. The 
strength of a reflected signal and/or the continuity of that reflector across the record 
may be indicative of a stratigraphic contact. The water table in an unconfined sand 
and gravel aquifer may also produce a similar signature on the GPR record. ‘The 
strong continuous reflector shown in Figure 2 delineates the contact between 
bedrock and unconsolidated materials. Point targets, such as buried drums, pipes, 
boulders, tree stumps, etc., create a distinctive parabolic feature on GPR-records. 
Positive identification of point targets are subjective, as the GPR signature of a pipe 
is similar to that of a large boulder. 

. 

Figure 3 shows the characteristic parabolic signal created by a point target, 
underground storage tanks in this instance, which are situated in a clean sand and 
gravel deposit. Metallic objects, such as buried drums and pipes, also produce a 
characteristic parabolic signal on the record, and sometimes produces a “ringing” 
noise, denoted by the heavy, dark banding, as shown in Figure 3. 

Recorded data from diskettes or magnetic tapes can be enhanced using numerous 
computer processing methods to remove constant noise problems, such as ringing, 
or to sharpen up geologic contact features and point target boundaries. Such 
methods are described in detail by Hogan (1988) and Olhoeft (1988). Computer 
processing is costly and generally not necessary in most instances. 

Advantages/Disadvantages 
Advantages of ground penetrating radar systems include: 

. Rapid coverage of an area 
0 GPR is a non-destructive technique 
l Portable equipment 
l Provides high vertical resolution profiles in the field for immediate 

interpretation 

Ground penetrating radar provides a cost effective way of evaluating a large site in a 
short amount of tune. One day of work coverage completed by GPR may be 
equivalent to four or five days of work with seismic refraction or electrical 
resistivity. The GPR method is “nondestructive” in that it does not require any 
excavation or probing of the overburden materials, although verification of 
anomalies should be conducted. 
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Equipment can be easily loaded in the back of a truck as most pieces comprising the 
radar system weigh under 40 pounds. The 80 MHz antenna weighs about 100 
pounds and is less portable as it is approximately 4 feet wide. 

Limitations of radar systems include: 

0 Survey lines must be cleared to ground level 

l Multiple receiver antennas are generally required to stack and process radar 
data 

l Penetration is site specific, requiring data corroboration using alternative 
geophysical methods and/or verification 

l Interpretations are subjective 

To maximize resolution and minimize scattering losses, survey lines must be as level 
as possible to prevent the bouncing and jarring of the radar antenna. Survey lines 
cleared of debris also allow the antenna to be pulled at an even, continuous pace; 
permitting the easy determination of horizontal scale. 

Application of GPR to a site is limited by soil type and presence of high loss 
materials. In New England, the presence of glacial tills, and lacustrine and marine 
clays limit the depth of penetration. Delineation of buried drums beneath a 
conductive plume also may not be possible. The unpredictability of radar 
effectiveness requires that site investigations be conducted with alternative 
geophysical methods, such as electromagnetic induction, seismic refraction, 
magnetometry, and/or electrical resistivity. 

VI. Quality Assurance Records 
All data will be recorded in field log books with the following information: date, 
location, personnel on site, start and finish times (in military time), instrument gain 
and time settings, and Contract Task Order number. 
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STANDARDOPERATINGPROCEDURE 

Electromagnetic Induction 

I. 

II. 

III. 

Purpose 
The purpose of this SOP is to provide general reference information for using 
electromagnetic induction (EM) methods. 

Scope 
This SOP provides a description of field procedures, equipment, and interpretation 
methods necessary to fully utilize this procedure. 

Definitions 
Conductivity - Ability of a material to transmit an electrical current. Inverse of 
resistivity. 

Horizontal dipole mode - Transmitter and receiver coils oriented vertically. 

Vertical dipole mode - Transmitter and receiver coils oriented horizontally. 

Vertical sounding - Multiple EM measurements centered at a point with varying coil 
spacings. 

Vertical profiling - EM measurements along a traverse with a fixed coil spacing and 
coil orientation. 

IV. Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that the project- 
specific plans are in accordance with these procedures, where applicable, or that 
other approved procedures are developed. The Project Manager is responsible for 
ensuring that the personnel operating and interpreting the geophysical data are 
trained, skilled in that endeavor, so far as to receiving documentation on the training 
and experience of the operating personnel. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing 
the geophysical technique and equipment to be used. It is the responsibility of the 
Field Team Leader to ensure that these procedures are implemented in the field and 
to ensure that the field investigation personnel performing the activities have been 
briefed and trained to execute these procedures. 

Field team - It is the responsibility of the field team to follow these procedures, or to 
follow documented, project-specific procedures as directed by the Field Team 
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Leader and the Project Manager. Field personnel are responsible for the proper 
acquisition of geophysical data. 

V. Procedures 

A. Overview 
Electromagnetic Induction (EM) methods are non-intrusive geophysical techniques 
of measuring the apparent conductivity of the subsurface materials. Electrical 
conductivity values of subsurface materials are determined by transmitting a high 
frequency electromagnetic (primary) field into the earth and measuring the 
secondary electromagnetic field produced by the eddy current as illustrated in 
Figure 1. The transmitter and receiver coils do not require direct ground contact 
thus permitting continuous profiling and rapid data acquisition. 

The strength of the secondary field is a function of the inter coil spacing, operating 
frequency and ground conductivity. The ratio of the secondary to the primary 
magnetic field is directly proportional to the terrain conductivity which enables 
direct instrument readout of apparent conductivity values (measured conductivity 
values are the bulk average conductivity for the area or volume of earth sampled). 
Conductivity ranges typical of various earth materials are shown on Figure 2. EM 
conductivity values are usually expressed in units of milliohms per meter. 
Conductivity values are converted to resistivity values in ohm-meters by use of the 
following relationship: 

resistivity (ohm - meters) 1,000 
EM instrument readout (miIliohms per meter) 

The apparent conductivity of the subsurface materials is dependent upon subsurface 
conditions such as: 

l Lithology 
0 Porosity 
l Permeability 
. Conductivity of subsurface pore fluids 

Changes in these parameters causing measurable variations in electromagnetic 
conductivity can result from: 

0 Conductive contaminant plumes 
. Abandoned trenches and lagoons 
. Lateral changes such as backfill or landfill materials 
0 Bedrock fracture zones 
l Lithological variations 
0 Buried metallic objects 

The sampling depth or depth of investigation is related to the coil spacing and coil 
mode. The two coil modes used are the vertical dipole mode (coils horizontal) and 
the horizontal dipole mode (coils vertical). Figure 3 shows the relationship of the 
coil spacings, mode and relative responses. 
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B. Applications and Uses 

Two common terrain conductivity meter are EM-31 and the EM-34-3. The EM-31 
has a fixed mtercoil spacing of 3.7 meters and an effective depth of penetration of 
approximately 6 meters. The EM-34-3 has two coils which can be separated by 10, 
20, or 40 meters and can be oriented in either the horizontal or vertical dipole modes, 
Intercoil separations increase the effective depth-of investigation as shown below. 

Intercoil Spacing 
(meters) 

Depth of InvestiPation (meters) 
Horizontal Dipoles Vertical Dipoles 

10 7.5 15 
20 15 30 
40 30 60 

The coil orientation (horizontal or vertical) allows the EM-34-3 to respond to 
materials of different depths. 

Vertical sounding and horizontal profiling are the two EM survey techniques. 
Vertical profiling is accomplished by multiple measurements about a point with 
varying coil spacing. Horizontal profiling is performed by making measurements 
along traverses with a fixed coil spacing. General discussions of electromagnetic 
induction methods are presented in texts by Grant and West (1965), Telford ;and 
others (1976), and Griffiths and King (1981). 

The measurement of subsurface conductivity at a hazardous waste site provides a 
valuable contribution to site characterization. The conductivity (resistivity) ‘of the 
hydrogeologic section is predominantly influenced by the pore fluids. 
Consequently, conductivity measurements provide indirect information on the 
porosity and permeability of subsurface materials, the degree of saturation, and the 
conductivity of the pore fluids. The conductivity of the pore fluid is influenced by 
the presence of dissolved electrolytes. Contaminant plumes in the unsaturated and 
saturated zones can be mapped provided there is a sufficient change in the 
conductivity to be detected by the EM instrument. Generally, contaminant plumes 
of inorganic waste are easily detected because the pore fluids often have 
conductivity values as much as three orders of magnitude above background values. 
Figure 4 i&,&rates an EM anomaly associated contamination plume. EM 
conductivity measurements can also be used to detect the presence of buried waste; 
filled disposal trenches, and buried metal objects such as drums, tanks or metal 
debris. Figure 5 illustrates an EM anomaly over a buried metal object. 
Electromagnetic surveys can be used to locate conductive as well as and non- 
conductive bodies. The many applications include: 

0 Contaminant plume mapping 
. Locating abandoned trenches and lagoons 
0 Delineating bedrock fracture zones 
l Determining thickness of weathered layers 
l Lithology mapping 
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C. Equipment 

D. 

0 Locating buried metallic objects 
. Lateral anomalies such as pockets or pits of different materials 

Examples of EM applications at sites where groundwater is contaminated are 
presented by Duran (1982), Greenhouse (1983), and Greenhouse and Slaine (1983). 

The two-coil EM instrument and the VLF (very low frequency) instrument are 
basically the two different types of electromagnetic surveying instruments in use; 
each is capable of sensing to different depths. There are several models and 
manufacturers of this equipment. 

The two-coil system consists of a transmitter coil and a receiver coil. Refer to 
Figure 1 which illustrates the basics of a two-coil electromagnetic induction 
apparatus. The transmitter coil induces an electromagnetic field of known strength 
and the receiver coil measures the resulting quadrature, or ratio of primary to 
secondary fields resulting from subsurface features. Each instrument is read. directly 
in units of milliohms per meter (conductivity). EM readings represent the average 
bulk conductivity at a point halfway between the two coils. 

The VLF instrument is a receiver which relies on specialized, very low frequency 
communication antennas for induction of an electromagnetic field. Surveying with 
the VLF or equivalent instrumentation is commonly referred to as VLF surveying. 

The VLF Instrumentation is a small, lightweight hand-held instrument which can be 
operated by one person. Principal components of the instrument are a pair of 
mutually perpendicular coils and a receiving crystal with a frequency specific to a 
transmitting antenna. The two receiving coils are used to measure local character- 
istics of the primary induced field and any secondary fields emanating from bodies 
of variable conductivity. Typical sources of induced electromagnetic fields Sor VLF 
surveying are the very low frequency antennas used for submarine communications. 

Data Acquisition 
The advantage of the EM survey method is the speed and accuracy with which 
lateral changes of terrain conductivity can be measured. The EM conductivity data 
can be acquired using sounding and profiling techniques similar to those used in 
electrical resistivity. EM profiling is accomplished by traversing an area with a fixed 
coil spacing and orientation; EM sounding is accomplished by expanding the inter- 
coil spacings in a manner similar to that used by electrical resistivity soundings. 
Some commonly used EM equipment is limited in the number of available inter-coil 
spacings that can be used; however, there are other EM instruments availab.le that 
can operate at many coil spacings and frequency ranges to provide numerous 
sounding data points necessary for accurate computer modeling and profiling. 

The factors determinin g which instrument is used and what the grid spacing should 
be at particular sites are: 

0 Depth to target and size of target 
. Accessibility of the site 
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. Effects of manmade structures and utilities, such as electric power lines 

. Conductivity of the earth materials 

EM induction ins&uments may have a depth of investigation of up to 200 feet 
depending upon coil spacing and orientations used (see Figure 3). The very low 
frequency VLF device has the greatest depth of investigation and is generally used 
to evaluate large geologic structures. 

In conducting a VLF survey, VLF readings should be acquired with the instrument 
oriented perpendicular to a straight line from the site to the transmitter antennas. 
This orientation is necessary to ensure optimum data quality. All readings from a 
particular VLF station must be obtained with the instrument oriented in the same 
direction. 

For an EM induction survey, a regular pattern of survey stations will provide 
coverage of the area in question. Typically, use of a grid spacing which is approx- 
imately equal to the size of the target sought by the survey, and a coil spacing with a 
maximum response for the depth of interest will produce satisfactory results. 
Specific needs for local detail, however, may require a refined coverage. The chosen 
spacing should always be site and target specific. 

In conducting an EM survey, the field operator must avoid or note any potential 
sources of anomalous (noise) conductivity values such as power lines, buildings, 
fences, buried pipelines or any other large metal objects. Noise sources should be 
noted on the profiles or contour maps accounting for anomalies due to these known 
sources. 

-- 

Important information that should be known for planning and before conducting an 
EM conductivity survey are: assumed hydrogeologic characteristics of the site, 
potential source locations and migration paths, characteristics of the hazardous 
substance of interest, and depths of interest. The level of detail necessary (size of 
object of interest and detail of resolution) determines the number of lines and station 
spacings of readings required. 

EM data, if not recorded on a strip chart or digital recording instrument, should be 
recorded on standardized data sheets. At a minimum all data (strip chart, digital 
disks, or standard forms) should have the following information listed: 

0 Project/site location identification 
0 Company 
0 Date and time 
. Operators name 
a Instrument make, model 
. Coil spacings and configuration 
. Line and station numbers 
. Instrument reading scales 
. Weather conditions/ temperature 
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E. Interpretation 

1. Data Analysis I 

In general, electromagnetic survey data require relatively little processing before 
they can be interpreted. This is especially true for fixed coil spacing surveys because 
the data are recorded in units of conductivity; preliminary interpretations are made 
by comparison of conductivity values. A contour map can be prepared from the 
data and compared with results of other surveys. EM instruments also can be used 
for vertical soundings similar to resistivity sounding. Vertical sounding with EM 
equipment, however, has lower resolution than that performed with the resistivity 
technique. As a result, EM data are generally more useful for continuous prclfiling 
surveys. 

VLF instruments do not read directly in units of conductivity. The m-phase 
measurement (the tilt of primary induced field) is read in terms of the tangent to the 
angle of tilt and is given as a percentage. Quadrature measurements, which are the 
ratios of voltage required to equalize the primary to secondary signal strengths, are 
also given as percentages. For field interpretation these two sets of data can be 
plotted in profile form, percentage versus distance. Greenhouse and Slaine (1983) 
describe a simple mathematical conversion so that VLF data can be presented in 
contour format and compared to other available data such as resistivity and 
magnetics. Digital data acquisition systems are now available that allow cakulation 
of conductivity. 

2. Presentation of Results 

Results of an EM conductivity survey can be presented in profile and/ or contour 
map form. The orientation of the traverses should be indicated on profiles in lines of 
coverage on contour maps. Locations of observed surface metal and other cultural 
features such as topography, buildings, fences, power lines etc. should be noted on 
both the profiles and the contour maps. 

3. Interpretation 

EM conductivity data can be analyzed qualitatively and quantitatively. Gen~erally, 
profiLing data are presented as a contour map or profiles. Profile Lines should be 
stacked and aligned. A qualitative analysis of the contour map or aligned profiles 
usually can allow an interpreter to identify any conductivity trends that may be 
indicative of buried metal, groundwater flow and contaminant transport. A 
comparison of available geologic data, cultural ferrous metal and debris maps 
prepared during data acquisitions should be made to evaluate the causes of iany 
conductivity trends observed. 

Computer or chart comparisons of EM sounding data with available theoretical 
models can be made. This type of interpretation is similar to that used in electrical 
resistivity, but in EM sounding it is limited to relatively simple hydrogeologic 
conditions. 
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F. Advantages and Limitations 
Advantages of +e electromagnetic induction method include: 

l No ground contact required 
l Rapid data acquisition (faster than resistivity) 
l Lightweight, one or two man operation 
l Wide range of applications 
0 High lateral resolution 
. Field interpretation possible 

Limitations of the electromagnetic induction method include: 

0 Limited dynamic range l-1,000 miIliohm/meter 

l Susceptible to effects of man-made structures, utilities, etc. 

a Less vertical resolution than resistivity 

l Limited penetration 

0 Does not distinguish even simple layering without more complex application 
and interpretation 

0 Setting and maintaining instnunent at zero 

VI. Quality Assurance Records 
Field data will be recorded in log books and/or data recording sheets accompanying 
the monitoring equipment. Data recorded in a field log book will be entered with 
the following data: date, site location, Contract Task Order number, personnel 
conducting the investigation, time (military time), start time and end time, weather. 
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STANDARDOPERATINGPROCEDLJRE 

Gravimetry 

I. 

II. 

Ill. 

Purpose 
The purpose of this SOP is to provide general reference information for using 
gravimetric methods. 

Scope 
This SOP indicates a description of field procedures, equipment, and interpretation 
methods necessary to fully utilize this procedure. 

Definitions 
Bouguer slab - A slab of infinite horizontal extent, constant density and thickness 

Bouguer anomaly - Gravity value after the observed (measured) gravity has ‘been 
corrected for latitude, free-air, Bouguer slab and terrain. 

Complete Bouguer anomaly - Gravity value after the observed (measured) gravity 
has been corrected for latitude, free-air, Bouguer slab and terrain. 

Simple Bouguer anomaly - Gravity value after the observed (measured) gravity has 
been corrected for latitude, free-air, and Bouguer slab. 

Earth tides - Variations in the gravitational attraction of the sun and the moon as 
their positions change with respect to the earth, (maximum amplitude 0.3 gal 
occurring in a period as short as an hour). 

Residual gravity map - resulting gravity map after regional gravity affects are 
removed from Bouguer anomaly values. 

The international gravity value - Equation that accounts for the fact that the earth is 
not a perfect sphere, but is more like a perfect fluid for which balance is maintained 
between the gravitational forces tending to make it spherical and the centrifugal 
forces of rotation tending to flatten it. As a result, the equatorial radius is 
approximately 21 km greater than the polar radius. 

IV. Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that the project- 
specific plans are in accordance with these procedures, where applicable, or other 
approval procedures are developed. The Project Manager is responsible for 
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development of documentation of procedures which deviate from those presented 
herein. 

Field Team Leader - It is the responsibility of the Field Team Leader to ensure that 
these procedures are implemented in the field and to ensure that the field investi- 
gation personnel performing the activities have been briefed and trained to execute 
these procedures. 

V. Procedures 

A. Overview 
The gravity survey method is a passive - geophysical technique which measures 
extremely small variations in the earth’s gravitational field, using a highly sensitive 
instrument. Observed gravity measurements are variations of the earth’s true 
gravitational attraction from one location on the earth’s surface to another (Dobrin, 
1960). Spatial variations in the value of observed gravity depend upon a number of 
factors including: 

. Lateral density variations of earth materials in the vicinity of an observation 
point 

0 Elevation 
0 Latitude 
0 Surrounding terrain variations (topography) 
0 Tidal fluctuations 

In gravity exploration the variation in density is the only significant factor (Telford, 
1978). Lateral variations in the distribution of mass in the earth’s crust produce 
distortions or differences in the gravitational field. Tectonics, faulting, erosion, 
deposition and other geologic movement involving rock often result in lateral 
density variations in the subsurface rocks. Measured gravitational differences are 
interpreted in terms of probable subsurface mass distributions, which are inferred 
from surface and near surface geologic conditions (Nettleton, 1975). 

The acceleration of gravity at the earth’s surface is approximately 980 centimeters 
per second squared or 980 gals. In gravity exploration work, anomalies as small as 
one ten-millionth of the earth’s field are detected with gravimeters. The unit used in 
exploration gravity surveying is the milligal (lo-3 gals). Microgravimeters are more 
sensitive instruments which can detect smaller magnitude anomalies, measured in 
the unit of microgals (lo-6 gals). 

B. Applications and Uses 
After the appropriate corrections have been made, gravity values can be presented 
as Bouguer anomalies. A Bouguer anomaly map (Figure 1) looks very much like a 
topographic contour map. Bouguer anomalies are interpreted in terms of the size, 
shape and position of the subsurface structures. Microgravity measurements can be 
used to detect the following conditions: 
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A.) GRAVfTY ANOMALY OF SPHERICAL CAVITY 

_- -. 

6.) GRAVITY AND ANOMALY OF HORXZONTAL CYLlNDRICAL CAVITY 

Source: Butler, 1977 

CONTOUR MAPS ILLUSTRATING NEGATIVE GRAVITY ANOMALlES 
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C. 

D. 

l Joints 
l Dissolutions 
l Collapses 
l Cavities 
. Buried river channels 
l Fault scarps 

Equipment 
The Lacoste - Romberg and Worden gravimeters are two commercially available 
gravimeters. The Lacoste-Romberg Model D is the only commercially available 
microgravimeter. These instruments measure the elongation of a spring which 
supports a weighted beam. An increment of elongation of the spring is proportional 
to an increment of gravity. The principal of operation of a Lacoste-Romberg 
microgravimeter is illustrated in Figure 2. 

The.Lacoste-Romberg gravimeter is heated to maintain a constant instrument 
temperature and, consequently, a more sensitive and stable reading. Some 
instruments are not temperature controlled and, consequently, instrument 
temperatures must be noted and corrected for. Gravimeters with heaters require a 
portable energy source (batteries) and must have an appropriate warm up tilme 
(approximately one day) to acquire stable, accurate readings. 

Field Procedures 
The gravimeter itself can be operated by a single operator. The topographic survey 
can be performed before, during, or after the gravity measurements. 

The operation of the instrument is rather straightforward, but acceptable levels of 
accuracy require meticulous attention to details, such as: 

l Instrument leveling 
. Surveyed location 
l Surveyed elevation 

-e Instrument drift 
l Time of measurement 

Survey accuracies of at least one-tenth of a foot of elevation, and horizontal ,accuracy 
of approximately 2 feet are required for microgravity surveys. The high level of 
accuracy required in gravity surveys dictates repeated readings at a base station 
throughout the period of the survey to compensate for time variations (drift) 
inherent in all instruments. Typically, base station readings are taken at least three 
times a day and often are repeated in one-hour intervals. Loop times for 
microgravity instnunents that have been recently reheated to operating 
temperatures initially should be at about 30 minutes intervals. Loop times can then 
progress up to a maximum of 1 hour. Initial short loop times are to minir&e errors 
due to mechanical adjustments caused by internal thermal stress. Microgravity 
instruments with fluid levels should have 30 second levels rather than 60 second 
levels. The 30 second levels provide a more precise leveling accuracy. 
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At each station the gravixneter is set on a metal tripod which provides a stable base. 
The instrument is leveled by two horizontal and mutually-perpendicular levels in 
the instrument. Three readings are commonly taken at each station. Levels checked 
between read.ings to ensure data quality and minimiz e operator error. 

Important information that should be recorded in field note books are: 

l Instrument identification number 
l Date and time of reading 
l Operator 
. Station identification number 
l Base station location 
l Instrument readings 

To assure correlation between data sets, the relative gravity for each base station can 
be established by looping with absolute base stations which are part of an 
international gravity network adjusted to the 1979 Potsdam value. A listing of 
absolute base station locations can be obtained from NOAA in Washington, D.C. 

Gravity stations are arranged either in gridded survey patterns or in linear traverses. 
Gridded survey patterns provide more detailed information, but at a higher cost due 
to the higher number of stations. 

. 

Precautions should be taken in locating gravity stations to avoid whenever possible 
areas with nearby (50 + feet) severe topographic changes. These topographic 
changes affect gravity measurements. l3ills rising above the gravity station and 
valleys (lack of material) affect the graviq measurements by reducing the recordings 
due to upward attraction of hills or lack of downward attractions by a valley 
(Telford). Earthquakes and other vibratory phenomena also can adversely affect 
gravity readings. Generally, when an earthquake has occurred the instrument 
reading beam may drift and cannot be stabilized. Depending on the distance to and 
magnitude of the earthquake, gravity measurements should be suspended for a few 
hours or Fail -the next day. Another potential problem in conducting a gravity 
investigation is unstable ground materials such as loose sand, nearby sources of 
vibration (heavy truck traffic, construction equipment, etc.) or stone ballast. 
Generally, these situations can be overcome with patience, slight changes in station 
locations or altering the time of day in which the investigation is conducted. 

E. Interpretation 

1. Data Analysis 
Gravity data obtained in the field must be corrected for: 

l Instrument drift 
. Earth-tide variations 
l Elevation 
l Bouguer slab 
. Latitude 
. Influence of surrounding topographic (terrain) variations 
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All gravity stations within a common data set must be reduced to a common 
elevation datum plane. Sea level is the most often used datum plane. 

Instrument Drift and Earth-Tide Variations 

The observed gravity for each station is determined by looping with a base station 
with a known gravity value and correcting readings for instrument drift and earth 
tide variations. Instrument drift and earth tide variations are calculated by dividing 
the difference in the base station readings (end of loop minus beginning of loop) by 
the time required to complete the loop. Each station reading is then corrected by 
adding the drift factor by the time between stations. Observed gravity values are 
then calculated by multiplying the corrected meter reading difference between the 
base and the gravity station by factors unique to the particular gravity meter. 

Elevation Correction 

Since gravity varies inversely with the square of distance, it is necessary to correct 
for changes in elevation. Correction for elevation or the free-air correction 
compensates for elevation variations between stations so that all the field readings 
are reduced to common datum surface. Sea level is the common datum surf,ace used 
for the free-air corrections. When the gravity stations are above the datum plane, 
the free-air corrections are added to the observed gravity values (Telford, 1978). 

Latitude Corrections 

Latitude corrections compensate for the centrifugal acceleration due to the rotation 
of the earth and radius variation between the poles and equator. Maximum latitude 
corrections occur at latitude 450 where the variation is approximately 0.01 milligals 
per 40 feet of north-south displacement. 

The International Gravity Formula of 1967 incorporates the latitude correction in the 
calculation of theoretical gravity. When gravity stations are north of the reference 
latitude, all corrections are subtracted from the observed gravity values (Telford, 
1978). 

Bouguer Slab-Correction 

The free-air correction accounts for elevation differences, but not for attraction of the 
material between the station and the comrnon datum surface. The Bouguer 
correction accounts for the attraction of this material. Bouguer corrections assume a 
slab of infinite horizontal extent. 

A commonly used slab density in New England is 2.67 g/cm, which is the 
approximate density of the granitic crust. Bouguer corrections are applied in the 
opposite sense of the free-air corrections; that is, they are subtracted when the 
station is above the common datum plane (Telford, 1978). 

Terrain Correction 

Terrain corrections are applied to the gravity data when the topography of the 
surveyed area is not relatively flat. Nearby hills result in an upward component of 
gravity and nearby valleys result in an apparent loss of mass between the station 
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2. 

3. 

and datum elevation. Both effects diminish the measured gravitational field, 
therefore, the terrain correction is always added to the data. Terrain corrections are 
calculated using the slab density used in the Bouguer slab correction. There are 
severaI graphical methods for calculating terrain corrections. All require a good 
topographic map of the area at a minimal 10 foot contour interval. The most 
commonly used graphical method uses templates that divide the area into zones for 
which the average elevation can be estimated and the terrain correction calculated. 
Tables of terrain corrections, for zone charts of particular dimensions developed by 
Hammer (1939) facilitate this operation considerably (Telford 1976). 

Theoretical Gravity 

The difference between the corrected station gravity and the calculated theoretical 
gravity for each station is the Bouguer gravity. Theoretical gravity values are 
calculated using station latitudes and a relationship adopted by the International 
Association of Goedesy. 

Presentation of Results 
The results of a gravity survey can be presented as contour maps or as profiles 
depending upon the data processing and/or interpretation techniques. A raw-data 
map presents the gravity readings that have been corrected for instrument drift and 
earth-tide effects. A free-air gravity map is the raw data corrected for station 
elevations (reduced to a common elevation datum). A simple Bouguer map is the 
free-air gravity values corrected for the Bouguer slab. A complete Boug-uer map is 
the simple Bouguer values corrected for terrain variations. Residual anomaly map is 
the residual gravity values after regional gravity affects have been separated. Data 
processing procedures to prepare each of the above mentioned maps include 
assumptions that may or may not be true and may bias the interpretation of the 
gravity data. Therefore, the preparation and qualitative analysis of these maps may 
be necessary to identify any bias or anomalies that may be created due to the data 
processing calculations. 

Interpreted gravity results are presented as 2-D, 2 1/2-D or 3-D profiles or maps. 
The 2-D results assume infinite lengths in the 3rd dimension, 2 1/2-D results have a 
finite length in the 3rd dimension and 3-D modeling results have 3 dimensional 
geometric shapes. 

Interpretation 
The complete Bouguer anomaly map represents the contribution of ail earth 
materials that exist beneath the ground’s surface. Therefore, the first step in the 
interpretation of gravity data is to separate the anomaly components arising from 
the source of interest from the sources of no interest. This step is called the regional 
residual separation and it is the residual values that are of primary interest. 

The residual or shorter wavelength gravity data can be separated and modeled 
independent of the deeper-seated, longer wavelength regional gravity data. The 
residual data can be separated from the regional data in a number of ways. The 
averaging method, polynomial fitting, and upward continuation and wavelength 
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filtering regional residual separation methods are a few. Text books such as Telford 
(1976), Nettleton (1976) etc. explain in detail regional residual separation methods. 

There is extensive literature on the subject of and significant problems involved in 
regional residual separation. The techniques listed above are some of the mare 
common techniques used. The choice of the method used for removing the regional, 
depends upon many factors, the most important being the total labor involved, the 
complexity of the gravity map, the density and distribution of the stations and 
quality of the data. 

The residual gravity maps are a by-product of the regional residual separation. 
These maps are used to predict the physical characteristics and proximity of near 
surface anomalous bodies. 

Before a quantitative interpretation is attempted, a quaIitative analysis of the data 
should be made to determine the presence of anomalous sources and to get a general 
idea of depth, strike, and density of sources. Qualitative analysis includes an 
evaluation of the polarity, magnitude, gradient and trends of residual anomalies, as 
well as a comparison with other available geophysical (magnetic, seismic, electrical) 
and geological data. 

Based on the qualitative analysis of the regional map a quantitative interpretation to 
determine possible individual sources of the anomalies can be undertaken. The 
quantitative interpretations are accomplished using 2 and 3 dimensional computer 
modeling techniques. Each anomaly body is assigned a geometric shape and a value 
which represents the bodies contrasting density values. AlI gravity interpretations 
benefit from incorporation of geologic constraints. Such constraints can come from 
surface geology, geomorphology, subsurface geology, boring logs, seismic reflection 
and refraction data, magnetic surveys, and geochemical data. 

Interpretation of gravity data is subject to two limitations: 

l The inherent ambiguity in the possible source of a given gravity anomaly. 

. The complete dependence of gravity anomalies on the existence and m,agnitude 
of horizontal variations in the density of the rocks. 

For a given distribution of gravity there is no single, unique distribution of mass 
which will have a calculated effect that corresponds to the observed gravity. That is, 
for a given width of anomaly there is a corresponding maximum depth and a cone 
of possible sources, as illustrated in Figure 3. 

F. Advantages and Limitations 
The advantages of a gravity survey are: 

l Field work can be carried out by one to three persons in any accessible area, 
including highly developed urban and industrialized sites, over pavements, 
fills, landfills, on lake ice, inside buildings, etc. 

. Instrumentation is portable, the work can be silent and produce no visible 
disturbance to an environment other than stakes or other station markings. 
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. The method lends itself weI.I to areal coverage. Contour maps of bedrock or 
other features have obvious advantages over information at points or along 
profiles. 

l Used appropriately, it is highly cost effective either by itseIf or in 
combination with other exploration methods. 

The limitations of a gravity survey are: 

l Applications are Limited to mapping of density - dependent interfaces 

l Accurate station locations and elevations are necessary. 

l Calibration with geological “knowns” such as outcrops, borings, seismic 
profiles, etc. is necessary for quantitative work. 

l Excessive topography, access problems, and certain bedrock complexities 
may seriously limit the accuracy of data interpretation. 

VI. Quality Assurance Records 
AII data wiII be recorded in log books under the following format: date, start and 
end time (military time), personnel on site, Contract Task Order number, and 
weather. 
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STANDARD OPERATING PROCEDURE 

I. 

II. 

III. 

Iv. 

VOC Sampling--Water 

Purpose 

To provide general guidelines for sampling aqueous volatile organic compounds. 

SCOPE 

Standard techniques for collecting representative samples are summarized. Sit.e specific 
details are discussed in the FSP. 

EQUJPMENT AND MATERIALS 

l Sample vials, clean latex or surgical gloves, pH meter 
l Hydrochloric acid (I-ICI) for preservation 
l pH meter or pH indicating paper 
l Surgical or latex gloves 

PROCEDURES AND GUIDELINES 

1. 

2. 

Sample VOCs before sampling other analyte groups. 

When sampling for VOCs, especially residential wells, evaluate the area around 
the sampling point for possible sources of air contamination by VOCs. Products 
that may give off VOCs and possibly contaminate a sample include perfumes 
and cosmetics, skin applied pharmaceuticals, automotive products (gasoline, 
starting fluid, windshield deicers, carburetor cleaners, etc.) and house:hold paint 
products (paint strippers, thinners, turpentine, etc.). 

3. To check the amount of hydrochloric acid (HCI) that needs to be added at each 
location, fill a test vial (40 ml) with the water to be sampled, add one drop of 
hydrochloric acid (HCl), gently mix, and check the pH. Repeat this cycle (if 
necessary) until you reach a pH of 2, counting the number of drops of HCl 
required. DISCARD THE TEST VIAL and add an equal number of drops of 
HCl to each of the sample vials. proceed to sample. 

4. Keep the caps off the sample vials for as short a time as possible. 

5. Wear clean latex or surgical gloves. 
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6. Fill the sample vial immediately, allowing the water stream to strike the inner 
wall of the vial to minimize formation of air bubbles. DO NOT RINSE THE 
SAMPLE VIALS BEFORE FILLING. 

7. Fill the sample vial with a minimum of turbulence, until the water forms a 
positive meniscus at the brim. 

8. Replace the cap by gently stetting it on the water meniscus. Tighten firmly, but 
DO NOT OVERTIGHTEN. 

9. Invert the vial and tap it lightly. If you see air bubbles in the sample, do not add 
more sample. Use another vial to collect another sample. Repeat if necessary 
until you obtain a proper sample. 

V. ATTACHMENTS 

None. 

VI. KEY CHECKS AND ITEMS 

0 Check for possible sources of contamination. 
0 Check pH. 
l Fill slowly, with as little turbulence as possible. 
0 Check for air bubbles. 
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STANDARDOPERATINGPROCEDURE 

Preserving Non-VOC Aqueous 
Samdes 

I. Purpose 
To provide general guidelines for preserving aqueous samples. 

II. Scope 
Standard aqueous sample preservation procedures for non-VOC samples are 
provided. 

Ill. Equipment and Materials 
0 Disposable eye droppers 
. Clean beakers for transfer of smali portions of chemical preservative 
l pH paper strips (Range 0 to 14) 
l ChernicaI preservatives, as appropriate 
l Personal protection, as appropriate 
0 Clean out door or vented indoor area 

IV. Procedures and Guidelines 
1. Remove caps from sample containers to be chemically preserved in designated 

area. Add appropriate amount of chemical preservative to opened container. 
To determine the approximate amount of preservative which will be required, 
preserve a sample of potable water and calculate the volume of preservative 
required. 

2. After adding the appropriate preservatives to the sample containers, cap 
containers tightly. Invert sample container a few times to mix. 

3. After preserving all the sample containers and mixing, open the contaziner and 
check the pH of the sample by pouring out a small quantity of the sample to a 
clean receptacle and dipping a pH indicating strip into the sample. Add more 
preservative to the sample to adjust the pH, if necessary repeating steps 1 
and 2. When three times the amount of preservative used to preserve a sample 
of potable water has been added, record the pH and notify the sample 
manager that the sample could not be preserved. 

4. Wrap, package, and ice samples according to the SOP Packaging and Shipping 
Procedures. 
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V. Attachments 
None. 

VI. Key Check Items 
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STANDARDOPERATINGPROCEDURE 

Field Rinse Blank Preparation 

I. 

II. 

III. 

IV, 

Purpose 
To prepare a blank to determine adequacy of decon procedures and whether any 
cross-contamination is occurring during sampling. 

Scope 
The general protocols for preparing the rinse blank are outlined. The actual 
equipment to be rinsed will depend on the requirements of the specific sampling 
procedure. 

Equipment and Materials 
l Blank liquid (use ASTM Type II grade water) 
0 Sample bottles as appropriate 
0 Gloves 
l Preservatives as appropriate 

Procedures and Guidelines 
A. Decontaminate all sampling equipment that has come in contact with sample 

according to SOP Decontamination of Personnel and Equipment. 

B. To collect the sample for volatiles analysis, pour blank water over one Ipiece of 
equipment and into 40-ml vials until there is a positive meniscus and seal vials. 
Note the sample number and associated piece of equipment in ihe field 
notebook. 

For non-volatiles, one aliquot is to be used for equipment. For example, if a 
pan and trowel are used, place trowel in pan and pour blank fluid in pan such 
that pan and trowel surfaces which contacted the sample are contacted by the 
blank fluid. Pour blank fluid from pan into appropriate sample boffles. 

Do not let the blank fluid come in contact with any equipment that has not 
been decontaminated. 

C. Document and ship samples in accordance with the procedures for other 
samples. 

D. Collect next field sample. 
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V. Attachments 
None. 

VI. Key Checks and Items 
l Wear gloves. 
. Do not use any non-decontaminated equipment to prepare blank. 
l Use ASTM-Type II grade water. 
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STANDARDOPERATINGPROCEDURE 

Field Filtering 

I. 

II. 

Ill. 

IV. 

Purpose 
To provide a general guideline for the field filtering of water samples for diss’olved 
metals analysis. 

Scope 
This is a general discussion of the standard method of field filtering techniques. 
Operating manuals should be consulted regarding specific procedures. 

Equipment and Materials 
a Geotech Filtering apparatus or equivalent 
0 Pump 
l nitric acid (FINO,) solution - high grade - reagent grade not acceptable 
l Glass fiber prefilters 
l Vacuum source 
l 45 p cellulose acetate filters 
0 inline filters 

Procedures and Guidelines 
A. REAGENT PREPARATION 

1. 10% HNO, solution: Add about 900 ml of ASTM Type II water to a 1 
liter Erlenmeyer flask. Using a graduated cylinder, ASTM Type II, 
add 100 ml concentrated HNO, to the DI water while stirring. 

B. PROCEDURE 

1. Attach a vacuum source (pump, syringe, etc.) or a Q.E.D. online filter 
or equivalent to the receiver assembly. 

2. Flush the entire filter system with 10% HNO, solution. Open 
assembly, discard rinsate, and reassemble unit. 

3. Flush the entire filter system with 60 ml ASTM Type II water, Open 
assembly, discard rinsate and reassemble unit (not required when 
using Q.E.D. online filter). 

4. Filter sample and transfer to polyethylene bottle (with preservative) 
for shipment. 
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5. Discard filter assembly and prefilter. 

V. Attachments 
None. 

VI. Key Checks and Items 
0 10% HNO, solution for cleaning 

l All water must be ASTM Type II 

. Prefilter with glass fiber filters if sample is turbid 

0 Record lot number of nitric acid and water 

0 Note monitoring wells with high concentrations of suspended solids in field 
notebooks 

l The equipment blank collected with the sample is called a filtration blank 
and is collected through the filter. 
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STANDARDOPERATINGPROCEDURE 

Homogenization of Soil and Sediment Samples 

I. Purpose 
The homogenization of soil and sediment samples is performed to minimize any 
bias of sample representativeness introduced by the natural stratification of 
constituents within the sample. 

II. Scope 
Standard techniques for soil and sediment homogenization and equipment are 
provided in this SOP. These procedures do not apply to aliquots collected for TCL 
VOCs or field GC screening; samples for these analyses should NOT be 
homogenized. 

Ill. Equipment and Materials 
Sample containers, stainless steel spoons or spatulas, and stainless steel pans. 

IV. Procedures and Guidelines 
Soil and sediment samples to be analyzed for semivolatiles, pesticides, PCBs, metals, 
cyanide, or field XRP screening should be homogenized in the field. After a sample 
is taken, a stainless steel spatula should be used to remove the sample from the split 
spoon or other sampling device. The sampler should not use fingers to do this, as 
gloves may introduce organic interferences into the sample. 

Samples for VOCs should be taken immediately upon opening the spoon and 
should not be homogenized. 

Prior to homogenizing the soil or sediment sample, any rocks, twigs, leaves,. or other 
debris should be removed from the sample. The sample should be placed in a 
decontaminated stainless steel pan and thoroughly mixed using a stainless steel 
spoon. The soil or sediment material in the pan should be scraped from the sides, 
corners, and bottom, rolled into the middle of the pan, and initially mixed. The 
sample should then be quartered and moved to the four corners of the pan. Each 
quarter of the sample should be mixed individually, and then rolled to the c:enter of 
the pan and mixed with the entire sample again. 

All stainless steel spoons, spatulas, and pans must be decontaminated following 
procedures specified in SOP Decontamination of Personnel and Equipment prior to 
homogenizing the sample. A composite equipment rinse blank of homogenization 
equipment should be taken each day it is used. 

Homog.Doc Revised 10/31/96 1 



STANDARD OPERATING PROCEDURE 

Packaging and Shipping Procedures 

Low-Concentration Samples 
A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J 
K. 

L. 

Prepare coolers for shipment: 

l Tape drains shut. 

a Affix “This Side Up” labels on all four sides and “Fragile” labels on 
at least two sides of each cooler. 

l Place mailing label with laboratory address on top of coolers. 

0 Fill bottom of coolers with about 3 inches of vermiculite. 

Arrange decontaminated sample containers in groups by sample number. 
Consolidate VOC samples into one cooler to minimize the need for trip 
blanks. 

Affix appropriate adhesive sample labels to each container. Protect with 
clear label protection tape. 

Seal each sample bottle within a separate ziplock plastic bag or bubble 
wrap, if available. Tape the bag around bottle. Sample label should be 
visible through the bag. 

Arrange sample bottles in coolers so that they do not touch. 

If ice is required to preserve the samples, cubes should be repackaged in 
zip-lock bags and placed on and around the containers. 

Fill remaining spaces with vermiculite. 

Complete and sign chain-of-custody form (or obtain signature) and 
indicate the time and date it was relinquished to Federal Express or the 
courier. 

Separate copies of forms. Seal proper copies (traffic reports, packing lists) 
along with a return address label within a large zip-lock bag and tape to 
inside lid of cooler. 

Close lid and latch. 

Carefully peel custody seals from backings and place intact over lid 
openings (right front and left back). Cover seals with clear protection 
tape. 

Tape cooler shut on both ends, making several complete revolutions with 
strapping tape. Do not cover custody seals. 
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M. Relinquish to Federal Express or to a courier arranged with the laboratory. 
Place airbill receipt inside the mailing envelope and send to the sample 

documentation coordinator along with the other documentation. 

Medium- and High-Concentration Samples: 
Medium- and high-concentration samples are packaged using the same 
techniques used to package low-concentration samples, with several additional 
restrictions. First, a special airbill including a Shipper’s Certification for 
Restricted Articles is required. Second, “Flammable Liquid N.O.S.” or 
“Flammable Solid N.O.S.” (as appropriate) labels must be placed on at least two 
sides of the cooler. Third, sample containers are packaged in metal cans with lids 
before being placed in the cooler, as indicated below: 

l Place approximately l! inch of vermiculite in the bottom of the can. 

l Position the sample jar in the zip-lot bag so that the sample tags can be read 
through the plastic bag. 

l Place the jar in the can and fill the remaining volume with vermiculite. . 

l Close the can and secure the lid with metal clips. 

l Write the traffic report number on the lid. 

l Place “This Side Up” and “Flammable Liquid N.O.S.” or “Flammable Solid 
N.O.S.” (as appropriate) labels on the can. 

l Place the cans in the cooler. 

l For medium concentration samples, ship samples with ice or “blue ice” inside 
the coolers. (Double bag ice in zip-lock plastic bags.) 

III. Special Instructions for Shipping Medium and High 
Concentration Samples by Federal Express 
A. Label cooler as hazardous shipment: 

l Write shipper’s address on outside of cooler. If address is stenciled on, 
just write “shipper” above it. 

l Write or affix sticker saying “This Side Up” on two adjacent sides. 

l Write or affix sticker saying “ORM-E” with box around it on two 
adjacent sides. Below ORM-E, write NA##!3188. 

l Label cooler with “Hazardous Substance, N.O.S.” and “liquid” or 
“solid,” as applicable. 

Ship.doc Revised 1 Q/31/96 2 



B. Complete the special shipping bill for restricted articles. 

l Under Proper Shippine Name, write “Hazardous Substance, N.O.S.” 
and “liquid” or “solid,” as applicable. 

C. 

l Under Class, write “ORM-E. 

l “Under Identification No., write NA No. 9188. 

For high concentration samples, ship samples with “blue ice” only inside 
coolers. 
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STANDARDOPERATINGPROCEDURE 

_, , x 

., .s ,_ 

Chain-of-Custody 

I” Purpose 
The purpose of this SOP is to provide information on chain-of-custody procedures to 
be used under the CLEAN Program 

II Scope 
This procedure describes the steps necessary for transferring samples through the 
use of Chain-of-Custody Records. A Chain-of-Custody Record is required, without 
exception, for the tracking and recording of samples collected for on-site or off-site 
analysis (chemical or geotechnical) during program activities (except wellhead 
samples taken for measurement of field parameters). Use of the Chain-of-Custody 
Record Form creates an accurate written record that can be used to trace the 
possession and handling of the sample from the moment of its collection through 
analysis. This procedure identifies the necessary custody records and describes their 
completion. This procedure does not take precedence over region specific or site- 
specific requirements for chain-of-custody. 

Ill1 Definitions 
Chain-of-Custody Record Form - A Chain-of-Custody Record Form is a printed two- 
part form that accompanies a sample or group of samples as custody of the 
sample(s) is transferred from one custodian to another custodian. One copy of the 
form must be retained in the project file. 

Custodian - The person responsible for the custody of samples at a particular time, 
until custody is transferred to another person (and so documented), who then 
becomes custodian. A sample is under one’s custody if: 

l It is in one’s actual possession. 

l It is in one’s view, after being in one’s physical possession. 

l It was in one’s physical possession and then he/ she locked it up to prevent 
tampering. 

l It is in a designated and identified secure area. 

Sample - A sample is physical evidence collected from a facility or the environment, 
which is representative of conditions at the point and time that it was collected. 
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IV Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that project- 
specific plans are in accordance with these procedures, where applicable, or that 
other, approved procedures are developed. The Project Manager is responsible for 
development of documentation of procedures which deviate from those presented 
herein. The Project Manager is responsible for ensuring that chain-of-custody 
procedures are implemented. The Project Manager also is responsible for 
determining that custody procedures have been met by the analytical laboratory. 

. 

Field Team Leader - The Field Team Leader is responsible for determining that 
chain-of-custody procedures are implemented up to and including release to the 
shipper or laboratory. It is the responsibility of the Field Team Leader to ensure that 
these procedures are implemented in the field and to ensure that personnel 
performing sampling activities have been briefed and trained to execute these 
procedures. 

Sample Personnel - It is the responsibility of the field sampling personnel to initiate 
chain-of-custody procedures, and maintain custody of samples until they are 
relinquished to another custodian, the sample shipper, or to a common carrier. 

V Procedures 
The term “chain-of-custody” refers to procedures which ensure that evidence 
presented in a court of law is valid. The chain-of-custody procedures track the 
evidence from the time and place it is first obtained to the courtroom, as well as 
providing security for the evidence as it is moved and/or passed from the custody 
of one individual to another. 

Chain-of-custody procedures, recordkeeping, and documentation are an important 
part of the management control of samples. Regulatory agencies must be able to 
provide the chain-of-possession and custody of any samples that are offered for 
evidence, or that form the basis of analytical test results introduced as evidence. 
Written procedures must be available and followed whenever evidence samples are 
collected, transferred, stored, analyzed, or destroyed. 

V.1 Sample Identification 
The method of identification of a sample depends on the type of measurement or 
analysis performed. When in-situ measurements are made, the data are recorded 
directly in bound logbooks or other field data records with identifying information. 

Information which shall be recorded in the field logbook, when in-situ 
measurements or samples for laboratory analysis are collected, includes: 

l Field Sampler(s); 
l CT0 Number; 
l Project Sample Number; 
l Sample location or sampling station number; 
l Date and time of sample collection and/or measurement; 
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l Field observations; 
l Equipment used to collect samples and measurements; and, 
l Calibration data for equipment used. 

Measurements and observations shall be recorded using waterproof ink. 

V.1 .I Sample Label 
Samples, other than in-situ measurements, are removed and transported from the 
sample location to a laboratory or other location for analysis. Before removal, 
however, a sample is often divided into portions, depending upon the analyses to be 
performed. Each portion is preserved in accordance with the Sampling and 
Analysis Plan. Each sample container is identified by a sample label (see 
Attachment A). Sample labels are provided, along with sample containers, by the 
analytical laboratory. The information recorded on the sample label includes: 

l 

Project - Contract Task Order (CTO) Number. 

Station Location - The unique sample number identifying this sample. 

Date - A six-digit number indicating the day, month, and year of sample 
collection (e.g., 12/U/85). 

Time - A four-digit number indicating the 24-hour time of collection (for 
example: 0954 is 954 a.m., and 1629 is 4:29 p.m.). 

Medium - Water, soil, sediment, sludge, waste, etc. 

Sample Type - Grab or composite. 

Preservation - Type and quantity pf preservation added. 

Analysis - VOA, BNAs, PCBs, pesticides, metals, cyanide, other. 

Sampled By - Printed name of the sampler. 

Remarks - Any pertinent additional information. 

Using only the work assignment number of the sample label maintains the 
anonymity of sites. This may be necessary, even to the extent of preventing the 
laboratory performing the analysis from knowing the identify of the site (e.g., if the 
laboratory is part of an organization that has performed previous work on tlhe site). 

V.2 Chain-of-Custody Procedures 
After collection, separation, identification, and preservation, the sample is 
maintained under chain-of-custody procedures until it is in the custody of tihe 
analytical laboratory and has been stored or disposed. 

V.2.1 Field Ctistody Procedures 
l Samples are collected as described in the site Sampling and Analysis Plan. Care 

must be taken to record precisely the sample location and to ensure that the 
sample number on the label matches the Chain-of-Custody Record exactly. 
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l The person undertaking the actual sampling in the field is responsible for the 
care and custody of the samples collected until they are properly transferred or 
dispatched. i 

l When photographs are taken of the sampling as part of the documentation 
procedure, the name of the photographer, date, time, site location, and site 
description are entered sequentially in the site logbook as photos are taken. 
Once developed, the photographic prints shall be serially numbered, 
corresponding to the logbook descriptions; photographs will be stored in the 
project files. It is good practice to identify sample locations in photographs by 
including an easily read sign with the appropriate sample/location number. 

l Sample labels shalI be completed for each sample, using waterproof ink unless 
prohibited by weather conditions, e.g., a logbook notation would explain that a 
pencil was used to fill out the sample label if the pen would not function in 
freezing weather. 

V.2.2Transfer of Custody and Shipment 
Samples are accompanied by a Chain-of-Custody Record Form. A Chain-of- 
Custody Record Form example is shown in Attachment B. When transferring the 
possession of samples, the individuals relinquishing and receiving will sign, date, 
and note the time on the Record. This Record documents sample custody transfer 
from the sampler, often through another person, to the analyst in the laboratory. 
The Chain-of-Custody Record is filled out as given below, 

l Enter header information (CT0 number, samplers, and project name). 

l Enter sample specific information (sample number, media, sample analysis 
required and analytical method grab or composite, number and type of sample 
containers, and date/time sample was collected). 

l Sign, date, and enter the time under “Relinquished by” entry. 

l Have the person receiving the sample sign the “Received by” entry. If shipping 
samples by a common carrier, print the carrier to be used in this space (i.e., 
Federal Express). 

l If a carrier is used, enter the airbill number under “Remarks,” in the bottom right 
comer; 

l Place the original (top, signed copy) of the Chain-of-Custody Record Form in a 
plastic zipper-type bag or other appropriate sample shipping package. Retain 
the copy with field records. 

l Sign and date the custody seal, a l- by S-inch white paper label with black 
lettering and an adhesive backing. Attachment C is an example of a custody 
seal. The custody seal is part of the chain-of-custody process and is used to 
prevent tampering with samples after they have been collected in the field. 
Custody seals shall be provided by the analytical laboratory. 
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VI Quality Assurance Records 

VII Attachments 

. Place the seal across the shipping container opening so that it would be broken if 
the container were to be opened. 

l Complete other carrier-required shipping papers. 

The custody record is completed using waterproof ink. Any corrections are made by 
drawing a line through and initialing and dating the change, then entering the 
correct information. Erasures are not permitted. 

Common carriers will usually not accept responsibility for handling Chain-of- 
Custody Record Forms; this necessitates packing the record in the shipping 
container (enclosed with other documentation in a plastic zipper-type bag). As long 
as custody forms are sealed inside the shipping container and the custody seals are 
intact, commercial carriers are not required to sign the custody form. 

The laboratory representative who accepts the incoming sample shipment signs and 
dates the Chain-of-Custody Record, completing the sample transfer process. It is 
then the laboratory’s responsibility to maintain internal logbooks and custody 
records throughout sample preparation and analysis. 

Once samples have been packaged and shipped, the Chain-of-Custody copy and 
airbill receipt become part of the quality assurance record. 

Sample Label 
Chain of Custody Form 
Custody Seal 

VIII References 
IJSEPA. User’s Guide to the Contracf Luboruton~ Program. Office of Emergency and 
Remedial Response, Washington, D.C. (EPA/540/P-91/002), January 1991. 
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Attachment A 

Example Sample Label 
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CDM Federal Programs Corporation 
13135 Lee Jackson Memorial Highway Fairfax, VA 22033 

NAVY C.L.E.A.N. - ST. JULIEN’S CREEK ANNEX 
SITE: 02 SAMPLE ID: SJSOZ-GW 1 S-002 
DATE: TIME: SAMPLER: LCRS 
ANALYSIS: Low Con. VOA PRES.: HCI pH <2, Cool 4 C 

CDM Federal Programs Corporation 
13135 Lee Jackson Memorial Highway Fairfax, VA 22033 

NAVY C.L.E.A.N. - ST. JULIEN’S CREEK ANNEX 
SITE: 02 SAMPLE ID: SJSOZ-GWlS-002 
DATE: TIME: SAMPLER: LCfTS 
ANALYSIS: Low Con. VOA PRES.: HCI pH <2, Cool 4 C 

CDM Federal Programs Corporation 
13135 Lee Jackson Memorial Highway Fairfax, VA 22033 

NAVY C.L.E.A.N. - ST. JULIEN’S CREEK ANNEX 
SITE: 02 SAMPLE ID: SJSOZ-GW 1 S-002 
DATE: TIME: SAMPLER: LUTS 
ANALYSIS: TCL SVOAs/PestiPCBs PRES.: Cool 4 C 

CDM Federal Programs Corporation 
13135 Lee Jackson Memorial Highway Fairfax, VA 22033 

NAVY C.L.E.A.N. - ST. JULIEN’S CREEK ANNEX 
SITE: 02 SAMPLE ID: SJS02-GW 1 S-002 
DATE: TIME: SAMPLER: LCfTS 
ANALYSIS: Nitramines PRES.: Cool 4 C 

CDM Federal Programs Corporation 
13135 Lee Jackson Memorial Highway Fairfax, VA 22033 

NAVY C.L.E.A.N. - ST. JULIEN’S CREEK ANNEX 
SITE: 02 SAMPLE ID: SJSOZGW 1 S-002 
DATE: TIME: LCfTS SAMPLER: 
ANALYSIS: TAL Metals (unfiltered) PRES.: HNO, pH<2, Cool 4C 

CDM Federal Programs Corporation 
13135 Lee Jackson Memorial Highway Fairfax, VA 22033 

NAVY C.L.E.A.N. - ST. JULIEN’S CREEK ANNEX 
SITE: 02 SAMPLE ID: SJSOZ-GWl S-002 
DATE: TIME: LUTS SAMPLER: 
ANALYSIS: TAL Cyanide PRES.: NaOH pH >12, Cool 4 C 

CDM Federal Programs Corporation 
13135 Lee Jackson Memorial Highway Fairfax. VA Zi 

NAVY C.L.E.A.N. -ST. JULIEN’S CREEK ANNEX 
SITE: 02 SAMPLE ID: SJSOZ-GW 1 S-002 
DATE: TIME: LC/TS SAMPLER: 
ANALYSIS: Low Con. VOA PRES.: HCI pH <2. Cool 4 C 

CDM Federal Programs Corporation 
13135 Lee Jackson Memorial Highway Fairfax, VA 22033 

NAVY C.L.E.A.N. - ST. JULIEN’S CREEK ANNEX 
SITE: 02 SAMPLE ID: SJSOZ-GW I S-002 
DATE: TIME: SAMPLER: LUTS 
ANALYSIS: TCL SVOAsIPestIPCBs PRES.: Cool 4 C 

CDM Federal Programs Corporation 
13135 Lee Jackson Memorial Highway Fairfax, VA 22033 

NAVY C.L.E.A.N. - ST. JULIEN’S CREEK ANNEX 
SITE: 02 SAMPLE ID: SJSOZ-GWlS-002 
DATE: TIME: SAMPLER: LCITS 
ANALYSIS: TCL SVOAs/Pest!PCBs PI&ES.: Cool 4 C 

CDM Federal Programs Corporation 
13135 Lee Jackson Memorial Highway Fairfax, VA 22033 

NAVY C.L.E.A.N. - ST. JULIEN’S CREEK ANNE 
SITE: 02 SAMPLE ID: SJSOZ-GW 1 S-002 
DATE: TIME: LUTS SAMPLER: 
ANALYSIS: Nitramines PRES.: Cool 4 C 

CDM Federal Programs Corporation 
13135 Lee Jackson Memorial Highway Fairfax, VA 22033 

NAVY C.L.E.A.N. - ST. JULIEN’S CREEK ANNEX 
SITE: 02 SAMPLE ID: SJSOZGW I S-002F 
DATE: TIME: SAMPLER: LCfTS 
ANALYSIS: TAL Metals (filtered) PRES.: HNO, pH<2. Cool 4 C 

CDM Federal Programs Corporation 
13135 Lee Jackson Memorial Highway Fairfax, Vk 22033 

NAVY C.L.E.A.N. - ST. JULIEN’S CREEK ANNEX 
SITE: 02 SAMPLE ID: SJSOZ-GW 1 S-002 
DATE: TIME: SAMPLER: LUTS 
ANALYSIS: Total Phosphorous PRES.: H,SO, pH , Cool 4 C 



Attachment B 

Example Chain-of-Custody Record 
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CHAINOFCUSTODYRECORD 
2030 Powers Feny Road, Suite 490 

CDM FEDERAL PROGRAMS CORPORATION 

PROJECT NO. 

PROJECT NAME/LOCATION 

PROJECT LEADER 

ESD SAMPLE TYPES 
1. SURFACE WATER 8. SOIL/SEDIMENT 
2. GROUND WATER 7. SLUDGE 
3. POTABLE WATER 0. WASTE 
4. WASTEWATER 9. AIR 
5. LEACHATE IQ. FISH 

Il. OTHER 

-L . SAMPLERS (SIGN) 

RELlNQUtSHED BY: 
mw 

FW WQN) WN) 
RELlNQUlSHED BY: DATE/TIME RECEIVED BY: RELINQUISHED BY: 
mm) - WKI) If-W 

‘slay 

DISTRI 

I I WY 

‘: Whhe and pink copies aummpany aample shipment to Momtory: Pink spy rerah 
Whhe copy ts returned to samptem: Yellow spy retahed by aampkm. 

Atlanta, Georgain 30339 
404-952-7393 

REMARKS 
(Air Bill No.) 

CIRCLOADD 
parameters 

TAG NOJFIEMARKS 

3UISHED BY: 

LAB 
USE 

ONLY 

DATE/TIME RECEIVED BY: 
- MINI) 

boatory. 



Attachment C 

Example Custody Seal 
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SIGNATURE 

1 CUSTODY,,SEAL 1 
i Person Collecting Sample 

(signature) 
Sample No. 

1 

j Date Collected Time Wetted_ 1 
L . d 



STANDARDOPERATINGPROCEDURE 

Decontamination of Drilling Rigs and 
Equipment 

I. PurposeandScope 
The purpose of this guideline is to provide methods for the decontamination of 
drilling rigs, downhole driUi.ng tools, and water-level measurement equipment. 
Personnel decontamination procedures are not addressed in this SOP; refer to the site 
safety plan and SOP Decontamination of Personnel and Equipment. Sample bottles 
will not be field decontaminated; instead they will be purchased with certification of 
laboratory sterilization. 

Il. Equipment and Materials 
. 

0 

0 

0 

. 

l 

0 

. 

. 

l 

Portable steam cleaner and related equipment 
Potable water 
Phosphate-free detergent such as Alconox or Liquinox 
Buckets 
Brushes 
Distilled organic-free water 
Methanol, pesticide grade 
Six-molar nitric acid, analytical grade 
ASTM-Type II grade water 
Alumirtum foil 

III. Procedures and Guidelines 
A. Drilling Rigs and Monitoring We11 Materials 

Prior to the onset of drilling, after each borehole, prior drilhng through 
permanent isolation casing, and prior to leaving the site, heavy equipment and 
machinery will be decontaminated by steam cleaning at a designated area. The 
steam cleaning area wilI be designed to contain decontamination wastes and 
waste waters and can be a HDPE-lined, bermed pad. A pumping system will 
be used to convey decontaminated water from the pad to drums. 

Surface casings may be steam cleaned in the field if they are exposed to 
contamination at the site prior to use. 

B. Downhole Drilling Tools 

Downhole tools will be steam cleaned prior to the onset of drilling, prior to 
drilling through perman ent isolation casing, and between boreholes. This will 
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include, but is not limited to, rods, split-spoons or similar samplers, coring 
equipment, augers, and casing. 

Prior to the use of a sampling device such as a split-spoon sampler for the 
co&&ion of a soil sample for physical characterization, the sampler shall be 
cleaned by scrubbing with a detergent solution followed by a potable water 
rinse. 

Prior to the use of a sampling device such as a s.plit-spoon sampler for Ihe 
collection of a soil sample for chemical analysis, the sampler shah be 
decontaminated following the procedures outlined in the following subsection. 

C. Field AnaIytical Equipment 

1. Water Level Indicators 

Water level indicators that consist of a probe that comes into contact 
with the groundwater must be decontaminated using the following 
steps: 

it 
Rinse with tap water 
Rinse with deionized water 

2. 

C. Solvent rinse with methanol 
d. Rinse with deionized water 

Probes 

Probes, for example, pH or specific ion electrodes, geophysical probes, 
or thermometers that would come in direct contact with the sample, 
will be decontaminated using the procedures specified above unless 
manufacturer’s instructions indicate otherwise. For probes that make 
no direct contact, for example, OVM equipment, the probe will be 
wiped with clean paper-towels or cloth wetted with methanol. 

IV. Attachments 
None. 

V. Key Checks and Preventative Maintenance 
The effectiveness of field cleaning procedures will be monitored by rinsing 
decontaminated equipment with organic-free water and submitting the rinse ,water in 
standard sample containers for analysis. Any time a sampling event occurs, at least 
one such quality control sample shall be collected. The total number of equip:ment 
blanks will be at least 5 percent of the number of samples collected during large-scale 
field sampling efforts. 

At least one piece of field equipment shall be selected for this procedure each time 
equipment is washed. An attempt should be made to select different pieces of 
equipment for this procedure. 

Deconrig.dcc 
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STANDARDOPERATINGPROCEDLJRE 

Decontamination of Personnel and Equipment 

I. 

II. 

III. 

Purpose 
To provide general guidelines for the decontamination of personnel, sampling 
equipment, and monitoring equipment used in potentially contaminated 
environments. 

Scope 
This is a general description of decontamination procedures. 

Equipment and Materials 
Demonstrated analyte-free, deionized (“,I”) water (specifically, ASTM Type 
II water) 

Distilled water 

Potable water; must be from a municipal water supplier, otherwise an 
analysis must be run for appropriate volatile and semivolatile organic 
compounds and inorganic chemicals (e.g., Target Compound List and Target 
Analyte List chemicals) 

2.5% (W/W) trisodium phosphate (“TSP”) and water solution 

Concentrated (V/V) pesticide grade methanol (DO NOT USE ACETONE) 

10% (V/V) nitric acid (HNO,) and water solution (only ultrapure grade 
HNO, is to be used) 

Large plastic pails or tubs for TSP and water, scrub brushes, squirt bottles for 
TSP, methanol and water, plastic bags and sheets 

DOT approved 55-gallon drum for disposal of waste 

Phthalate-free gloves 

Decontamination pad and steam cleaner/high pressure cleaner for large 
equipment 
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IV. Procedures and Guidelines 
A. PERSONNEL DECONTAMINATION 

To be performed after completion of tasks whenever potential for 
contamination exists, and upon leaving the exclusion zone. 

1. Wash boots in TSP solution, then rinse with water. If disposable latex 
booties are worn over boots in the work area, rinse with TSP solution, 
remove, and discard into DOT approved 55-gallon drum. 

2. 

3. 

4. 

5. 

6. 

Wash outer gloves in TSP solution, rinse, remove, and discard into 
DOT approved 55-gallon drum. 

Remove disposable coveralls (“Tyveks”) and discard into approved 
55-gallon drum. 

Remove respirator (if worn). 

Remove inner gloves and discard. 

At the end of the work day, shower entire body, including hair, either 
at the work site or at home. 

B. 

7. Sanitize respirator if worn. 

SAMPLING EQUIPMENT DECONTAMINATION-GROUNDWATER 
SAMPLING PUMPS 

Sampling pumps are decontaminated after each use as follows. 

1. Don phthalate-free gloves. 

2. Spread plastic on the ground to keep hoses from touching the ground 

3. Turn off pump after sampling. Remove pump from well and place 
pump in decontamination tube, making sure that tubing does not 
touch the ground 

4. Turn pump back on and pump 1 gallon of TSP solution through the 
sampling pump. 

5. Rinse with 1 gallon of 10% methanol solution pumped through the 
pump. (DO NOT USE ACETONE). 

6. Rinse with 10% HNO, solution pumped through the pump, when 
sampling for inorganics (carbon steel split spoons will be rinsed with 
a 1% solution). 

7. 

8. 

9. 

Rinse with 1 gallon of tap water. 

Rinse with 1 gallon of deionized water. 

Keep decontaminated pump in decontamination tube or remove and 
wrap in aluminum foil or clean plastic sheeting. 
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10. Collect all r&ate and dispose of in a DOT approved 55gallon drum. 

C. SAMPLING EQUIPMENT DECONTAMINATION-OTHER EQUIPMENT 

Reusable sampling equipment is decontaminated after each use as follows. 

1. 

2. 

Don phthalate-free gloves. 

3. 

4. 

Prior to entering the potentially contaminated zone, wrap soil contact 
points in aluminum foil (shiny side out). 

Rinse and scrub with potable water. 

Wash all equipment surfaces that contacted the potentially 
contaminated soil/water with TSP solution. 

5. 

6. 

Rinse with potable water. 

7. 

Rinse with 10% HNO, solution when sampling for inorganics (carbon 
steel split spoons will be rinsed with a 1% solution). 

Rinse with distilled or potable water and methanol solution (DO NOT 
USE ACETONE). 

8. 

9. 

10. 

Air dry. 

Rinse with deionized water. 

Completely air dry and wrap exposed areas with aluminum foil 
(shiny side out) for transport and handling if equipment will not be 
used immediately. 

11. Collect all rinsate and dispose of in a DOT approved 55-gallon drum. 

D. HEALTH AND SAFETY MONITORING EQUIPMENT 
DECONTAMINATION 

1. Before use, wrap soil contact points in plastic to reduce need for 
subsequent cleaning. 

2. Wipe all surfaces that had possible contact with contaminated 
materials with a paper towel wet with TSP solution, then a towel wet 
with methanol solution, and finally three times with a towel wet with 
distilled water. Dispose of all used paper towels in a DOT approved 
55-gallon drum. 

E. SAMPLE CONTAINER DECONTAMINATION 

The outsides of sample bottles or containers filled in the field may need to be 
decontaminated before being packed for shipment or handled by personnel 
without hand protection. The procedure is: 

1. Wipe container with a paper towel dampened with TSP solution or 
immerse in the solution AFTER THE CONTAINERS HAVE BEEN 
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SEALED. Repeat the above steps using potable water. 

F. 

2. Dispose of all used paper towels in a DOT approved 55-gallon drum. 

HEAVY EQUIPMENT AND TOOLS 

Heavy equipment such as drilling rigs, drilling rods/ tools, and the b,ackhoe 
will be decontaminated upon arrival at the site and between location,s as 
follows: 

1. 

2. 

Set up a decontamination pad in area designated by the Navy 

Steam clean heavy equipment until no visible signs of dirt are 
observed. This may require wire or stiff brushes to dislodge dirt from 
some areas. 

V., Attachments 
None. 

VI. Key Checks and Items 
a Clean with solutions of TSP, methanol, nitric acid, and distilled water. 
a Do not use acetone for decontamination. 
l Drum all contaminated rinsate and materials. 
0 Decontaminate filled sample bottles before relinquishing them to anyone. 
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STANDARD OPERATING PROCEDURE 

Diwosal of Fluids and Solids 

I. PurposeandScope 
This SOP describes the procedures used to dispose of hazardous fluid and solid materials 
generated as a result of the site operations. This SOP does not provide guidance on the details 
of Department of Transportation regulations pertaining to the transport of hazardous wastes; 
the appropriate Code of Federal Regulations (49 CFR 17l through 177) should be referenced. 

II. Equipment and Materials 
A. Fluids 

Ill. Procedures and Guidelines 

l 55-gallon steel drums 
l Tools for securing drum lids 
0 Funnel for transferring liquid into drum 
l Labels 

0 Marking pen for appropriate labels 
a Seals for 55-gallon steel drums 

B. Solids 

0 55-gallon steel drums 
. Tools for securing drum lids 
0 Plastic sheets 
l Labels 

l Marking pen for appropriate labels 

A. Methodology 

Clean, empty drums will be brought to the site by the drilling subcontractor for soil 
and groundwater collection and storage. The empty drums will be located at the field 
staging area and moved to drilling locations as required. The drums will be filled with 
the drilling and well installation wastes, capped, sealed, and moved to the onsite drum 
storage area by the drilling subcontractor. The full drums will separate types of 
wastes by media. The drums will be labeled as they are filled in the field and labels 
indicating that the contents are potentially hazardous affixed. 

The drum contents will be sampled to determine the disposal requirements of the 
drilling wastes. The drum sampling will be accomplished through the collection and 
submittal of composite samples as a series of 10 drums containing the same media. 
The compositing of the sample will be accomplished through the collection of a 
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specific volume of the material in each drum into a large sample container. When 
samples from each of the drums being sampled in a single cornpositing are collected, 
the sample will be submitted for TCLP, ignitability, corrosivity, and reactivity analysis. 
The analysis will be used to determine if drilhng wastes are covered by land disposal 
restrictions. 

B. Labels 

Drums and other containers used for storing wastes from drilling operations will be 
labeled when accumulation in the container begins. Labels will include the following 
minimum information: 

0 Container number 

0 Container contents 

l Origin (source area including individuals wells, piezometers, and soil borings) 

l Date that accumulation began 

l Date that accumulation ended 

0 When laboratory results are received, drum labels will be completed or revised to 
indicate the hazardous waste constituents in compliance with Title 40 of the Code 
of Federal Regulations, Part 262, Subpart C. 

C. Fluids 

Drilling fluids generated during soil boring and groundwater discharged during 
‘development and purging of the monitoring wells will be collected in 55-gallon, 
closed-top drums. When a drum is filled, the bung will be secured tightly. 

When development and purging is completed, the water will be tested for appropriate 
hazardous waste constituents. A portion sample will be obtained from each drum. A 
composite sample from 10 drums will be submitted to an approved analytical 
laboratory for analysis of disposal parameters. 

D. Solids 

The soil cuttings from well and boring drilling will constitute a large portion of the 
solids to be disposed of. 

The solid waste stream also will include plastic sheeting used for decontamination 
pads, tyveks, disposable sampling materials, and any other disposable material used 
during the field operations that appears to be contaminated. These materials will be 
placed in designated drums. 

E. Storage and Disposal 

The wastes generated at the site at individual locations will be transported to the 
fenced drum storage area by the drilling services subcontractor. 

Waste solid materials that contain hazardous constituents will be disposed of at an 
offsite location in a manner consistent with applicable solid waste, hazardous waste, 
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and water quality regulations. Transport and disposal will be performed by a 
commercial firm under subcontract. 

The liquid wastes meeting acceptable levels of discharge contamination will be 
disposed of through the sanitary sewer system at the site. Prior to disposal to the 
sanitary sewer system, contract arrangements will be made with the appropriate 
authorities. Wastes exceeding acceptable levels for disposal through the sanitary 
sewer system will be disposed of through contract with a commercial transport and 
disposal firm. 

IV. Attachments 
None. 

V. Key Checks and Preventative Maintenance 
Check that representative samples of the drummed materials are obtained. 
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STANDARDOPERATINGPROCEDURE 

Buried Metal Investigations 

I. 

II. 

Ill. 

Purpose 
To provide reference material and general guidance on test pitting around buried 
metal items. 

Scope 
Test pitting using a backhoe, excavating and over-packing buried drums, and 
obtaining representative soil samples from the test pits. Sampling wastes from 
buried drums and tanks are addressed in SOP Sampling Contents of Tanks and 
Drums. 

Equipment and Materials 
l 

l 

l 

l 

. 

l 

. 

0 

0 

. 

l 

. 

l 

backhoe equipped with explosion shield, drum grapler, and 3-ft copper- 
beryllium (non-sparking) spike with 6411 collar (to puncture drums for 

sampling) 

shovels, picks, scoops 

camera, slate (or other erasable material) board 

plastic sheeting and stakes and/or sand bags to cover test pits and 
excavateds soil 

barricades with flashers to secure excavation 

overpack drums 

onsite drum storage area (plastic sheeting surrounded by a locking privacy 
fence) 

onsite decontamination pad 

bagged lime to extinguish any acid fires 

Level C personnel protection equipment and onsite site safety officer 

clean top soil or fill to “top off” test pits and return ground surface as close to 
the original configuration as possible 

grass seed 

for dewatering area 11 prior to test pitting: 

- liquid waste tank truck(s) equipped with pumping equipment 
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- backhoe for berming and ditching needed to reroute flow from seiep 
around excavation; sand bags to fortify ditch if needed 

- timber/mats to prevent heavy equipment from sinking 

IV. Procedures and Guidelines 

General Considerations 
Test pits will be excavated around buried metal items using a backhoe. The maximum 
depth is expected to be 15 ft, based on the anticipated depth to top of rock. Dewatering may 
be necessary depending on site conditions. 

The onsite crew will photograph any significant features exposed by the test pit. 
Photographs wilI include a slate board (or other marker) marked with (at a minimum) test 
pit number, date and time of photograph, description of feature. Other observations 
(including soil descriptions) will be recorded in the logbook. 

Once test pitting is complete, the pits will be backfilled with the stockpiled soil. They wiIl 
be topped off using clean fill/ top soil and regraded to mimic the original ground surface 
contour. Excavated areas will be reseeded to minimize erosion. 

Stage A Test Pits 
1. 

2. 

Establish work zone according to the site safety plan. 

Lay out plastic sheeting downwind of the test pit. This will be used for soils 
excavated from the test pit. 

3. Using a clean backhoe (decontaminated following SOP Decontamination of 
Personnel and Equipment), begin excavating the area defined by the geophysical 
anomaly. Carefully excavate soil until the source of the anomaly is observed, 
recording all observations in the logbook. Remove only enough soil to quantify the 
need for Stage B activities at that site. This requires determining the number, size, 
and type of each container. 

4. If buried containers are not found, Stage B activities are not needed at that site. 
Photograph and document any significant features, postulate a reason for the 
anomaly (such as presence of sheet metal), backfill the test pit, discard plastic 
sheeting, decontaminate the backhoe, and set up on the next location in need of 
Stage A investigation. 

5. If buried containers are found, Stage B activities will be needed at that site. 
Photograph and document any significant features. Cover the soil and the 
excavation with plastic, securing the ends with sand bags or stakes (prevent: water 
from running on). Erect sufficient barricades (saw horse with reflective tape or 
flashers) to prevent any inadvertent intrusion into the area. Decontaminate the 
backhoe and move to the next location in need of Stage A investigation. 

““_ 

Stage B Investigations Around Buried Drums 
1. Set up work zones according to the site safety plan. 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Set up an area for over-packing drums on plastic sheeting in the exclusion zone near 
the excavation. Based on Stage A test pits, have on hand sufficient overpack drums 
to contain what will be excavated from the test pit. 

Remove plastic coverings from soil and excavation. 

Begin cautiously excavating the soil from around the drum until it is loosed from the 
ground and the grappling hook (or the bucket of the backhoe, or a sling) can be used 
to transfer it to an overpack drum. The grappling hook is preferred because the 
backhoe operator can move the drum with little assistance from other personnel. 
Use of the backhoe requires roiling the drum and man-handling it into the overpack 
drum. A sling also requires man-handling of the drum. 

Assign a number to the drum and affix the number of the test pit and the drum to 
the top and side of the overpack drum. 

Collect a soil sample from the spoils pile that is representative of the soil excavated 
from around the drum. 

Continue steps 4 through 6 until each drum is removed from the test pit. Backfill the 
excavation, discard plastic sheeting, decontaminate the backhoe, and set up on the 
next location in need of Stage B investigation. 

Move the drums from the area of the test pit to the onsite drum storage area, after 
visible dirt has been removed from the exterior of the drums. Discard remaining 
plastic sheeting in drums. 

Sample the contents of the excavated drums all at once, following SOP Sampling 
Contents of Tanks and Drums. 

Stage B Investigations Around Buried Tanks 
1. Set up work zones according to the site safety plan. 

2. Remove plastic coverings from soil and excavation. 

3. Begin cautiously excavating the soil from around the tank until a sampling port is 
exposed. Affix the number of the test pit and the tank to the top of the tank, near the 
sampling port. 

4. Collect a sample of the contents of the tank following SOP Sampling Contents of 
Tanks and Drums. 

5. Excavate around the tank on all sides so that up to 4 soil samples representative of 
the soil excavated from around the tank can be collected. “Representative” means 
that samples are taken from above and below the water table, each side of the tank, 
and in areas where contamination is evident. 

6. Backfill the excavation marking tank comers and the sampling port at the ground 
surface with stakes. Do not regrade since the tanks will be removed at a later date. 
Cover the excavation with the plastic sheeting and secure with the barricades. 
Decontaminate the backhoe, and set up on the next location in need of Stage B 
investigation. 
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Test Pitting Beneath a Pond 
To investigate the anomaly detected beneath the pond, it wiU be necessary to isolate the 
area for test pitting by berming, dewatering the bermed portion of the pond and possibly 
rerouting around the excavation any seeps that may feed the pond. The water in the pond 
will be pumped as free board and into another portion of the pond; some may be pumped 
into tanks and stored onsite until test pitting activities are complete. Lf seeps are found to 
feed the pond, they will also be pumped to onsite tankers, if there is sufficient flow to 
require containment. Otherwise, they wiIl be rerouted around the excavation. Excavated 
soil wilI be placed on plastic near the excavations since the soil and the water will be 
returned to the pond once test pitting activities are completed. After dewatering is 
accomplished, the test pitting activities (described in previous sections) can be performed. 
After test pit investigations are complete, the pond water stored in the onsite tanks will also 
be returned to the pond. 

V. Attachments 
None. 

VI. Key Checks and Items 

VII. Noteworthy Miscellaneous Information 
0 plastic drums frequently contain strong acids or bases 

0 corrugated drums commonly contain metal-plating wastes which can have 
some pretty nasty sludges containing acids and cyanide 

0 fiberboard drums commonly contain food products and fall apart easily 

l stainless steel drums are expensive (about $500 each) and indicate a sincere 
effort to contain its contents 

l on tanks, fill ports are usually straight and vents are usually curved (to 
prevent moisture from dripping into tanks) so it is important to know what 
you are trying to use as a sampling port 

0 consider the location of the water table with respect to the tank; many tanks 
have anchors to prevent them from “floating”; these anchors include 
concrete slabs and vaults 

l do not disturb any anchors that hold tanks down unless you have a plan for 
securing it afterwards 

l some tanks have cathodic protection so don’t be alarmed if you observe 
cables on tanks 

0 don’t open valves on lower sides or bottoms of tanks 
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0 if you suspect a tank contains leaded gasoline, remember that the metals 
precipitate, forming a sludge at the bottom 

l waste samples are treated as high hazard samples and wiLl need double 
containment (clean “paint cans”) for shipping and handling 

0 don’t add water to acids 

Burymet.Doc Revised 10/31/96 11.1-5 



STANDARD OPERATING PROCEDURE 

Trenching for Landfill Delineation 

I. Purpose 
To provide reference material and general guidance on test pitting using a backhoe 
during landfill boundary confirmation activities. 

II. Equipment and Materials 
. Backhoe 
. Shovels, picks, scoops 
l Camera, slate (or other erasable material) board 
. Plastic sheeting and stakes and/or sand bags to cover test pits and excavated 

soil 
. Barricades to secure area around excavation 
l Onsite decontamination pad 
0 Level D personnel protection equipment and onsite site safety officer 

IV. Procedures and Guidelines 
General Considerations 

Test pits will be excavated along the landfill boundary as indicated by the results of 
the geophysical survey. The minimum trench depth is expected to be 6 ft, based on 
the anticipated depth to the top of the buried material. 

The onsite crew will photograph any significant features exposed by the test pit. 
Photographs will include a slate board (or other marker) marked with (at a minimum) 
test pit number, date and time of photograph, description of feature. Other 
observations (including soil descriptions) will be recorded in the logbook. 

Once test pitting is complete, the pits will be backfilled with the stockpiled soil and 
regraded to mimic the original ground surface contour. 

Trenching Activities 

1. 

2. 

3. 

Establish work zone according to the site safety plan. 

Calibrate all air quality monitoring instruments. 

Using a clean backhoe (decontaminated following SOP Decon), begin excavating 
perpendicular to and just outside of the area defined as the landfill boundary during 
the geophysical survey. Carefully excavate towards the boundary, recording all 
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4. 

5. 

v. 

observations in the logbook, until buried material is encountered. Remove only 
enough soil to identify the landfill boundary. 

Monitor the air quality in the breathing zone at 5 minute intervals during trenching 
activities to ensure the proper level of respiratory protection in being worn by all field 
team members. 

Photograph and document the trenching activities as appropriate. Backfill and 
regrade the test pit, discard plastic sheeting, decontaminate the backhoe, and set up at 
the next trenching location. 

Attachments 
None. 

VI. Key Checks and Items 

VII. Noteworthy Miscellaneous Information 
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STANDARDOPERATINGPROCEDURE 

Sampling Contents Of Tanks And 
Drums 

I. Scope and Application 
This procedure provides an overview approach and guidelines for the routine 
sampling of drums and tanks. Its purpose is to describe standard procedures and 
precautions which are applied in sampling drums and tanks. Procedures for 
opening drums with the individual instruments are included in Attachment D. 

The samples obtained may be used to obtain physical chemical or radiological data. 
The resulting data may be qualitative or quantitative in nature, and are appropriate 
for use in preliminary surveys as well as confirmatory sampling. 

II. References 
A. A Compendium of Superfind Field Operations Methods, EPA/540/P-871001, 

U.S. Environmental Protection Agency, Washington, D.C., 1987. 

B. Data Qualify Objectives for Remedial Activities - Development Process, 
EPA/540/G-871003, U.S. Environmental Protection Agency, Washington, 
D.C., 1987. 

C. Annual Book of ASTM Standards, Standard Recommended Practices fir 
Sampling lndusfrial Chemicals, ASTM-E-300,1986. 

D. Test Mefhod fir Evaluating SoZid Waste, SW-846, Volume II, Field Methods, 
Second Edition, U.S. Environmental Protection Agency, Washington, D.C., 
1982. 

E. U.S. Environmental Protection Agency, Characterization of Hazardous Waste 
Sites - A Method Manual: Volume 11, Available Sampling Methods, USEPA 
Environmental Monitoring Systems Laboratory, Las Vegas, EPA-600/ 
4-84-076, December, 1984. 

F. Environmental SurueiZZance Procedures, Quality Control Program, Martin 
Marietta Energy Systems, ESH/Sub/87-21706/l, Oak Ridge, TN, September 
1988. 

Ill. Summary of Methods 
Drums are generally sampled by means of sampling tubes such as glass sample tubes or 
COLIWASA samplers. In either case, the sampling tube is manually inserted into the waste 
material. A sample of the drum contents is withdrawn by the sampling device upon its 
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removal. Should a drum contain a bottom sludge, a glass tube will retrieve a sample of this 
as well. 

Storage tank and tank trailers, because of their greater depths, require sampling devices 
which can be lowered from the top, filled at a particular depth, then withdrawn. Such 
devices are a COLIWASA, a Kemmerer depth sampler, or a bacon bomb. Where samples of 
bottom sludge are desired, a gravity corer can be utilized. This heavy tube with a tapered 
nose piece wiIl penetrate the sludge as it free falls through the tank. 

IV. Comments 
The sampling of tanks, containers, and drums present unique problems not associated with 
environmental samples. Containers of this sort are generally closed except for small access 
ports, manways, or hatches on the larger vessels, or taps and bungs on smaller drums. The 
physical size, shape, construction material, and location of access limit the types of 
equipment and methods of collection that can be used. 

When liquids are contained in sealed vessels, gas vapor pressure can build up, slud.ges can 
settle out, and density layerings (stratification) can develop. Bulging drums may be under 
pressure and extreme caution should be exercised. The potential exists for explosive 
reactions or the release of noxious gases when containers are opened. All vessels should be 
opened with extreme caution. Check the HSP for the level of personnel protection to be 
worn. A preliminary sampling of any headspace gases is warranted. As a minimum, a 
preliminary check with an explosimeter and an organic vapor analyzer may be of aid in 
selecting a sampling method. 

In most cases it is impossible to observe the contents of these sealed or partially sealed 
vessels. Since some layering or stratification is likely in any solution left undisturbed over 
time, a sample must be taken that represents the entire depth of the vessel. 

Required Equipment and Apparatus 
A. Health and safety equipment/materials: As listed in the site safely plan. 

B. Sampling equipment: COLIWASA, glass sample tubes, Kernmerer depth 
sampler, Bacon bomb, gravity corer. 

C. Tools: Rubber mallet, bung wrench, speed wrench with socket, etc., all non- 
sparking, paint marker. 

D. Heavy equipment: Backhoe equipped with explosion shield, drum grapper, 
and 3-foot copper-beryllium (non-sparking) spike with 6-inch collar (to 
puncture top of drums for sampling, if necessary). 

E. Sample Containers: As specified in the field sampling plan. 
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VI. Procedures 
A. Drums 

NOTE: DO NOT open more than one drum at a time. Each drum must be 
handled and sampled as a separate entity to reduce vapors in the sampling 
area. 

1. Drums will be sampled on an area-by-area basis. Drums will be 
sampled after they have been placed in overpack drums but before 
they are transferred from the excavation to the onsite storage area. 

2. Record, in logbook, all pertinent information from visual inspection 
of drum; i.e., physical condition, leaks, bulges, labels, etc. Label each 
drum with a unique identifying number. 

3. 

4. 

5. 

6. 

If possible, stage drums for easy access. 

If necessary, attach groundstrap to drums and grounding point. 

Remove any standing material (water, etc.) from container top. 

Using nonsparking tools, carefully remove the bung or lid while 
monitoring air quality with appropriate instruments. If necessary 
(and as a last resort), the nonsparking spike affixed to the backhoe 
can also be used to puncture the drum for sampling. See 
Attachment D for method of drum opening. Record air-quality 
monitoring results. 

7. When sampling a previously sealed vessel, a check should be made 
for the presence of a bottom sludge. This is accomplished by 
measuring the depth to apparent bottom then comparing it to the 
known interior depth. 

8. Agitation to disrupt the layers and rehomogenize the sample is 
physically difficult and almost always undesirable. If the vessel is 
greater than 3 feet in depth (say, a 55-gallon drum), the appropriate 
sampling method is to slowly lower the sampling device (i.e., suction 
line of peristaltic pump, glass tube) in known increments of length. 
Discrete samples can be collected from various depths, then 
combined or analyzed separately. If the depth of the vessel is greater 
than the lift capacity of the pump, an at-depth water sampler, such as 
the Kemmerer or Bacon Bomb type may be required. 

9. Extract a representative sample from the drum using a glass rod, 
COLIWASA, Bacon Bomb, Kemrnerer bottle, or gravity corer (See 
Attachments). Ensure that the entire depth of material is penetrated. 
Depending on the size of the opening of the drum, 3 to 4 takes should 
be collected from random locations across the drum surface, to ensure 
a representative sample. Any observed stratification must be 
recorded in logbook, including number and thickness of the layers 
and a conceptualized sketch. 
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10. 

11. 

12. 

13. 

14. 

15. 

Record a visual description of the sample; i.e., liquid, solid, color, 
viscosity, percent layers, etc. 

When possible, sampling equipment (like glass tube) should be 
expendable and be left inside the drum for disposal with drum 
contents, once sampling is completed. 

Place lid, bung, cap, etc., back in place on drum. Tighten hand tight. 
If necessary, the sampling port can be sealed using a cork. 

Wipe up spilled material with lab wipes. Wipe off sample co:ntainers. 

Mark the drum with a unique sample identification number and date 
using a paint marker. 

. 

Samples will be handled as high hazard samples. Samples will be 
placed in containers defined according to the analytical needs, wiped 
clean and then packed in paint cans for shipping. Packaging, 
labeling, and preparation for shipment procedures will follow 
procedures as specified in the field sampling plan. 

B. Underground Storage Tanks 

1. A sampling team of at least two people is required for sampling - one 
will collect samples, the other will relay required equipment and 
implements. 

2. Sampling team will locate a sampling port on the tank. Personnel 
should be wearing appropriate protective clothing at this time and 
carrying sampling gear. 

3. Do not attempt to climb down into tank. Sampling is accomplished 
from the top. 

4. Collect a sample from the upper, middle, and lower section of the 
tank contents with one of the recommended sampling devices. 

5. If compositing is necessary, ship samples to laboratory in separate 
containers for laboratory cornpositing. 

6. Samples will be handled as hazardous. Samples will be placed in 
appropriate containers and packed with ice in a cooler. Pack,aging, 
labeling, and preparation for shipment will follow procedures 
specified in the field sampling plan. 

C. Tank Trailers or Above-Ground Storage Tanks 

1. A sampling team of two is required. One will collect samples, the 
other will relay required equipment and implements. 

2. Samples will be collected through the manhole (hatch) on top of the 
tanker or the fill port. Do not open valves at the bottom. Before 
opening the hatch, check for a pressure gauge or release valve. Open 
the release valve slowly to bring the tank to atmospheric pressure. 
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3. If tank pressure is too great, or venting releases large amounts of toxic 
gas, discontinue venting and sampling immediately. Measure vented 
gas with organic vapor analyzer and explosimeter. 

4. If no release valve exists, slowly loosen hatch cover bolts to relieve 
pressure in the tank. (Again, stop if pressure is too great.) 

5. Once pressure in tank has been relieved, open the hatch and 
withdraw sample using one of the recommended sampling devices. 

6. 

7. 

Sample each trailer compartment. 

If compositing is necessary ship samples to laboratory in separate 
containers for laboratory cornpositing. 

8. Samples will be handled has hazardous, Samples will be placed in 
appropriate containers and packed with ice in a cooler. Packaging, 
labeling, and preparation for shipment will follow procedures 
specified in the field sampling plan. 

D. Refer to Attachment B for procedures for sampling with appropriate 
devices as follows: 

Dnzm 

Glass tube Procedure 1 
COLIWASA - Procedure 2 

Storage Tank and Tank Trailer 

COLIWASA - Procedure 2 
Bacon Bomb Procedure 3 
Gravity Corer - Procedure 4 
(for bottom sludge) 

VII. Contamination Control 
Sampling tools, instruments and equipment will be protected from sources of 
contamination prior to use and decontaminated after use as specified in SOP Decon. 
Liquids and materials from decontamination operations will be handled in 
accordance with the waste management plan. Sample containers will be protected 
from sources of contamination. Sampling personnel shall wear chemical resistant 
gloves when handling any samples. Gloves will be decontaminated or disposed of 
between samples. 

VIII.Attachments 
A. Collection of Liquid Containerized Wastes Using Glass Tubes 

B. Sampling Containerized Wastes Using the Composite Liquid Waste Sample 
(COLIWASA) 
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C. Sampling Containerized Wastes Using the Bacon Bomb Sample 

D. Gravity Corer for sampling Sludges in Large Containers 

E. Construction of a Typical COLIWASA 

F. Drum Opening Techniques and Equipment 

IX. Field Checklist 
Sampling Instruments 

Tools 

Rubber Mallet 

Logbook 

Safety Glasses or Monogoggles 

Safety Shoes 

Ice/Cooler, as required 

Custody Seals, as required 

Chain-of-Custody Forms 

Drum Labels, as required 

Paint Marker, if drum sampling 

Black Indelible Pen 

Monitoring Instruments 

Labels 

Sampling and Analysis Plan 

Health and Safety Plan 

Decontamination Equipment 

Lab Wipes 

Lab Spatulas or Stainlesls Steel 
spoons 

chemical Preservatives, as 
required 

Appropriate Containers for 
Waste and Equipment 

Duct Tape 

Plastic Sheeting 
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Attachment A Collection of Liquid Containerized 
Wastes Using Glass Tubes 

Discussion 
Liquid samples from opened containers (i.e., 55-gallon drums) are collected using lengths of 
glass tubing. The glass tubes are norrnahy 122 centimeters long and 6 to 16 millimeters 
inside diameter. Larger diameter tubes may be used for more viscous fluids if sampling 
with the small diameter tube is not adequate. The tubing is broken and discarded in the 
container after the sample has been collected, eliminating difficult cleanup and disposal 
problems. This method should not be attempted with less than a two-person sampling 
team 

Uses 
This method provides for a quick, relatively inexpensive means of collecting concentrated 
containerized wastes. The major disadvantage is from potential sample loss which is 
especially prevalent when sampling low-viscosity fluids. Splashing can also be a problem 
and proper protective clothing should always be worn. 

Note: A flexible tube with an aspirator attached is an alternative method to the glass 
tube, and allows various levels to be sampled discretely. 

Procedures for Use 
1. Remove cover from sample container. 

2. 

3. 

4. 

Insert glass tubing almost to the bottom of the container. Tubing should be of 
sufficient length so that at least 30 centimeters extend above the top of the container. 

Allow the waste in the drum to reach its natural level in the tube. 

Cap the top of the tube with a safety-gloved thumb or a stopper. 

5. Carefully remove the capped tube from the drum. If the tube has passed through 
more than one layer, the boundary should be apparent in the glass tube. 

6. 

7. 

Insert the bottom uncapped end into the sample container. 

Partially release the thumb or stopper on the top of the tube and allow the sample to 
slowly flow into the sample container. If separation of phases is desired, cap off 
tube before the bottom phase has completely emptied. It may be advisable to have 
an extra container for “waste,” so that the fluid on either side of the phase boundary 
can be directed into a separate container, allowing collection of pure phase liquids in 
the sample containers. The liquid remaining after the boundary fluid is removed is 
collected in yet a third container. NOTE: It is not necessary to put phases in 
separate containers if analysis of separate phases is not desired. 

8. Repeat steps 2 through 6 if more volume is needed to fill the sample container. 
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9. Remove the tube from the sample container and replace the tube in the drurn, 
breaking it, if necessary, in order to dispose of it in the drum. 

Optional Method (if sample of bottom sludge is desired) 

1. 

2. 

Remove the cover from the container opening. 

Insert glass tubing slowly almost to the bottom of the container. Tubing should be 
of sufficient length so that at least 30 cm extends above the top of the container. 

3. 

4. 

Allow the waste in the drum to reach its natural level in the tube. 

Gently push the tube towards the bottom of the drum into the sludge layer. Do not 
force it. 

5. 

6. 

Cap the top of the tube with a safely-gloved thumb or stopper. 

Carefully remove the capped tube from the drum and insert the uncapped end in 
the sample container. 

7. Release the thumb or stopper on the top of the tube and allow the sample container 
to fill to approximately 90 percent of its capacity. If necessary, the sludge pl.ug in the 
bottom of the tube can be dislodged with the aid of the stainless steel laboratory 
spatula. 

8. Repeat if more volume is needed to fill sample container and recap the tube. 

Note: 

1. If a reaction is observed when the glass tube is inserted (violent agitation, smoke, 
light, etc.), the investigators should leave the area immediately. 

2. If the glass tube becomes cloudy or smokey after insertion into the drum, the 
presence of hydrofluoric acid maybe indicated, and a comparable length of rigid 
plastic tubing shouId be used to collect the sample. 

3. When a solid is encountered in a drum (either layer or bottom sludge) the optional 
method described above may be used to collect a core of the material, or the material 
may be collected with a disposable scoop attached to a length of wooden or plastic 
rod. 
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Attachment B: Sampling Containerized Wastes 
using the Composite Liquid Waste 
Sample (COLIWASA) 

Discussion 
The COLIWASA is a much cited sampler designed to permit representative sampling of 
multiphase wastes from drums and other containerized wastes. The sampler is 
commercially available or can be easily fabricated from a variety of materials including 
PVC, glass, or Teflon. In its usual configuration it consists of a 152 cm by 4 cm (inside 
diameter) section of tubing with a neoprene stopper at one end attached by a rod running 
the length of the tube to a locking mechanism at the other end. Manipulation of the locking 
mechanism opens and closes the sampler by raising and lowering the neoprene stopper. 
See Attachment E: Construction of a COLIWASA. 

Uses 
The COLIWASA is primarily used to sample containerized liquids. The PVC COLIWASA 
is reported to be able to sample most containerized liquid wastes except for those 
containing ketones, nitrobenzene, dimethylforamide, mesityloxide and tetrahydrofuran. A 
glass COLIWASA is able to handle all wastes unable to be sampled with the plastic unit 
except strong alkali and hydrofluoric acid solutions. Due to the unknown nature of many 
containerized waste, it would therefore be advisable to eliminate the use of PVC materials 
and use samplers composed of glass or Teflon. 

The major drawbacks associated with using a COLIWASA concern decontamination and 
costs. The sampler is difficult, if not impossible, to decontaminate in the field, and its high 
cost in relation to alternative procedures (glass tubes) makes it an impractical throwaway 
item. It still has applications, however, especially in instances where a true representation 
of a multiphase waste is absolutely necessary. 

Procedures for Use 
1. Check to make sure the sampler is functioning properly. Adjust the locking 

mechanism if necessary to make sure the neoprene rubber stopper provides a tight 
closure. 

2. Put the sampler in the open position by placing the stopper rod handle in the 
T-position and pushing the rod down until the handle sits against the sampler’s 
locking block. 

3. 

4. 

Slowly lower the sampler into the liquid waste. (Lower the sampler at a rate that 
permits the levels of the liquid inside and outside the sampler tube to be about the 
same. If the level of the liquid in the sample tube is lower than that outside the 
sampler, the sampling rate is too fast and will result in a non-representative sample). 

When the sampler stopper hits the bottom of the waste container, push the sampler 
tube downward against the stopper to close the sampler. Lock the sampler in the 

. 
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closed position by turning the T-handle until it is upright and one end rests tightl! 
on the locking block. 

5. Slowly withdraw the sampler from the waste container with one hand while wiping 
the sampler tube with a laboratory wipe with the other hand. A phase boundary, if 
present can be observed through the tube. 

6. Carefully discharge the sample into a suitable sample container by slowly pulling 
the lower end of the T-handle away from the locking block while the lower end of 
the sampler is positioned in a sample container. 

7. Unscrew the T-handle of the sampler and disengage the locking block. 

. . .,_ 
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Attachment C: Sampling Containerized,Wastes 
using the Bacon Bomb Sampler 

Discussion 
The Bacon Bomb is designed for the withdrawal of samples from various levels within a 
storage tank. It consists of a cylindrical body with an internal tapered plunger that acts as a 
valve to admit the sample. A line attached to the top of the plunger is used to open and 
close the valve. A removable cover provides a point of attachment for the sample line and 
has a locking mechanism to keep the plunger closed after sampling. The Bacon Bomb is 
usually constructed of chrome-plated brass and bronze with a rubber o-ring acting as the 
plunger sealing surface. Stainless steel versions are also available. The volumemetric 
capacity is 8,16, or 32 oz (237,473, or 946 ml). 

Uses 

The Bacon Bomb is a heavy sampler suited best for viscous materials held in large storage 
tanks or in lagoons. Lf a more non-reactive sampler is needed, the stainless steel version 
would be used, or any of the samplers could be coated with Teflon. 

Procedures for Use 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Attach the sample line and the plunger line to the sampler. 

Measure and then mark the sampling line at the desired depth. 

Gradually lower the sampler by the sample line until the desired level is reached. 

When the desired level is reached, pull up on the plunger line and allow the sampler 
to fill for a sufficient length of time before releasing the plunger line to seal off the 
sampler. 

Retrieve the sampler by the sample line, being careful not to pull up on the plunger 
line, thereby accidentally opening the bottom valve. 

Wipe off the exterior of the sampler body. 

Position the sampler over the sample container and release its contents by pulling 
up on the plunger line. 
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Attachment D: Gravity Corer for Sampling 
Sludges in Large Containers 

Discussion 
A gravity corer is a metal tube with a replacement tapered nosepiece on the bottom and a 
ball or other type of check valve on the top. The check valve allows water to pass through 
the corer on descent but prevents a washout during recovery. The tapered nosepiece 

. facilitates cutting and reduces core disturbance during penetration. Most corers are 
constructed of brass or steel and many can accept plastic liners and additional weights. 

Uses 
Corers are capable of collecting samples of most sludges and sediments. They collect 
essentially undisturbed samples which represent the strata profile that may develop in 
sediments and sludges during variations in the deposition process. Depending on the 
density of the substrate and the weight of the corer, penetration to depths of 75 cm (30 in.) 
can be attained. 

Exercise care when using gravity corers in vessels or lagoons that have liners, because 
penetration depths could exceed that of the substrate and result in damage to the liner 
material. 

Procedures for Use 
1. Attach a precleaned corer to the required length of sample line. Solid braided 5 nun 

(3/16 in.) nylon line is sufficient; however, 20 mm (3/4-in.) nylon is easier to grasp 
during hand hoisting. An additional weight can be attached to the outside of the 
corer if necessary. 

2. Secure the free end of the line to a fixed support to prevent accidental loss of the 
corer. 

3. 

4. 

Allow corer to free fail through the liquid to the bottom. 

Retrieve corer with a smooth, continuous, up-lifting motion. Do not bump corer as 
this may result in some sample loss. 

5. Remove nosepiece from corer and slide sample out of corer into stainless steel or 
Teflon pan (preferred). 

6. Transfer sample into appropriate sample bottle with a stainless steel lab spoon or 
laboratory spatula. 
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Attachment E: Construction of a Typical 
COLIWASA 
The sampling tube consists of a 1.52 m (5 ft) by 4.13 cm (l-518 in) I.D. translucent plastic 
pipe, usually polyvinyl chloride (PVC) or borosilicate glass plumbing tube. The closure- 
locking mechanism consists of a short-length, channeled aluminum bar attached to the 
sampler’s stopper rod by an adjustable swivel. The aluminum bar serves both as a T-handle 
and lock for the samplers’ closure system. When the sampler is in the open position, the 
handle is placed in the T-position and pushed down against the locking block. This 
manipulation pushes out the neoprene stopper and opens at the sampling tube. In the 
closed position, the handle is rotated until one leg of the T is squarely perpendicular against 
the locking block. This tightly seats the neoprene stopper against the bottom opening of he 
sampling tube and positively locks the sampler in the closed position. The closure tension 
can be adjusted by shortening or lengthening the stopper rod by screwing it in or out of the 
T-handle swivel. The closure system of the sampler consists of a sharply tapered neoprene 
stopper attached to a 0.95 cm (3/8 in) O.D. rod, usually PVC. The upper end of the stopper 
rod is connected to the swivel of the aluminum T-handle. The sharply tapered neoprene 
stopper can be fabricated according to specifications by plastic products manufacturers at 
an extremely high price, or it can be made in-house by grinding down the inexpensive 
stopper with a shop grinder. 

COLIWASA samplers are typically made out of plastic or glass. The plastic type consists of 
translucent plastic (usually PVC) sampling tube. The glass COLIWASA uses borosilicate 
glass plumbing pipe as the sampling tube and a Teflon plastic stopper rod. For purpose of 
multiphase sampling, clear plastic or glass is desirable in order to observe the profile of the 
multiphase liquid. 

The sampler is assembled as follows: 

a. Attach the swivel to the T-handle with the 3.18 cm (1 l/4 in) long bolt and 
secure with the 0.48 cm (3116 in) National Coarse (NC) washer and lock nut. 

b. Attach the PFTE stopper to one end of the stopper rod and secure with the 0.95 
cm (3/8 in) washer and lock nut. 

C. Install the stopper and stopper rod assembly in the sampling tube. 

d. Secure the locking block sleeve on the block with glue or screw. This block can 
also be fashioned by shaping a solid plastic rod on a lathe to the required 
dimension. 

e. Position the locking block on top of the sampling tube such that the sleeveless 
portion of the block fits inside the tube, the sleeve sits against the top end of 
the tube, and the upper end of the stopper rod slips though the center hole of 
the block. 

f. Attach the upper end of the stopper rod to the swivel of the T-handle. 

6 Place the sampler in the close position and adjust the tension on the stopper by 
screwing the T-handle in or out. 
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Attachment F: Drum Opening Techniques and 
Equipment’ 

8. Introduction 
The opening of closed drums prior to sampling entails considerable risk if not done with the 
proper techniques, tools, and safety equipment. The potential for vapor exposure, skin 
exposure due to splash or spraying, or even explosion resulting from sparks produced by 
friction of the tools against the drum, necessitate caution when opening any closed 
container. Both manual drum opening and remote drum opening wilI be discussed in the 
following paragraphs. When drums are opened manually risks are greater than when 
opened remotely. For this reason, the remote opening of drums is advised whenevler 
possible. 

Prior to sampling, the drums should be staged to allow easy access. Also, any standing 
water or other material should be removed from the container top so that the representative 
nature of the sample is not compromised when the container is opened. There.is also the 
possibility of encountering a water reactive substance. 

II. Manual Drum Opening 
A. Bung Wrench 

A common method for opening drums manually is using a universal bung wrench. 
These wrenches have fittings made to remove nearly all commonly encountered 
bungs. They are usually constructed of cast iron, brass, or a bronze-beryllium, (a 
non-sparking alloy formulated to reduce the likelihood of sparks). The use of bung 
wrenches marked “NON SPARKING” is encouraged. However, the use of a “NON 
SPARKING” wrench does not completely eliminate the possibility of spark being 
produced. Such a wrench only prevents a spark caused by wrench-to-bung friction, 
but it cannot prevent sparking between the threads on the drum and the bung. 

A simple tool to use, the fitting on the bung wrench matching the bung to be 
removed is inserted into the bung and the tool is turned counterclockwise to remove 
the bung. Since the contents of some drums may be under pressure (especially, 
when the ambient temperature is high), the bung should be turned very slowly. If 
any hissing is heard, the person opening the drum should back off and wait for the 
hissing to stop. Since drums under pressure can spray out liquids when opened, the 
wearing of appropriate eye and skin protection in addition to respiratory protection 
is critical. 

1 Taken from EPA Training Course: “Sampling for Hazardous Materials,” U.S. Environmental 
Protection Agency, Office of Emergency and Remedial Response Support Division, March 24,1987. 
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B. Drum Deheader 

One means by which a drum can be opened manually when a bung is not 
removable with a bung wrench is by using a drum deheader. This tool is 
constructed of forged steel with an alloy steel blade and is designed to cut the lid of 
a drum off or part way off by means of a scissors-like cutting action. A limitation of 
this device is that it can be attached only to closed head drums (i.e., DOT 
Specification 17E and 17F drums). Drums with removable heads must be opened by 
other means. 

Drums are opened with a drum deheader by first positioning the cutting edge just 
inside the top chime and then tightening the adjustment screw so that the deheader 
is held against the side of the drum. Moving the handle of the deheader up and 
down while sliding the deheader along the chime will enable the entire top to be 
rapidly cut off if so desired. If the top chime of a drum has been damaged or badly 
dented it may not be possible to cut the entire top off. Since there is always the 
possibility that a drum may be under pressure, the initial cut should be made very 
slowly to allow for the gradual release of any built-up pressure. A safer technique 
would be to employ a remote pressure release method prior to using the deheader. 

C. Hand Pick or Spike 

When a drum must be opened and neither a bung wrench nor a drum deheader is 
suitable, then it can be opened for sampling by using a hand pick, pickaxe, or spike. 
These tools are usually constructed of brass or a non-sparking alloy with a 
sharpened point that can penetrate the drum lid or head when the tool is swung. 
The hand picks or pickaxes that are most commonly used are commercially 
available: whereas, the spikes are generally uniquely fabricated four foot long poles 
with a pointed end. Often the drum lid or head must be hit with a great deal of 
force in order to penetrate it. Because of this, the potential for splash or spraying is 
greater than with other opening methods and therefore this method of drum 
opening is not recommended, particularly when opening drums containing liquids. 
Some spikes used for drum opening have been modified by the addition of a circular 
splash plate near the penetrating end. This plate acts as a shield and reduces the 
amount of splash in the direction of the person using the spike. Even with this 
shield, good splash gear is essential. 

Since drums, some of which may be under pressure, cannot be opened slowly with 
these tools, “sprayers” may result and appropriate safety measures must be taken. 
The pick or spike should be decontamina ted after each drum is opened to avoid 
cross contamination and/ or adverse chemical reaction from incompatible materials. 

III. Remote Opening 
A. Backhoe Spike 

The most common means used to open drums remotely for sampling is the use of 
metal spike attached or welded to a backhoe bucket. In addition to being very 
efficient, this method can greatly reduce the likelihood of personnel exposure. 
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IV. 

Drums should be “staged” or placed in rows with adequate aisle space to ahow ease 
in backhoe maneuvering. Once staged the drums can be quickly opened by 
punching a hole in the drum head or lid with the spike. 

The spike should be decontaminated after each drum is opened to prevent cross 
contamination. Even though some splash or spray may occur when this method is 
used, the operator of the backhoe can be protected by mounting a large shatter- 
resistant shield in front of the operator’s cage. This combined with the normal 
sampling safety gear should be sufficient to protect the operator. AdditionaJ 
respiratory protection can be afforded by providing the operator with an on.-board 
airline system. The hole in the drum can be sealed with a cork. 

8. Hydraulic Devices 

Recently, remotely operated hydraulic devices have been fabricated to open drums 
remotely. One such device is discussed here. This device uses hydraulic pressure to 
pierce through the wall of a drum. It consists of a manually operated pump which 
pressurizes oil through a length of hydraulic line. A piercing device with a metal 
point is attached to the end of this line and is pushed into the drum by the hydraulic 
pressure. The piercing device and be attached so that a hole for sampling can be 
made in either the side or the head/lid of the drum. Some of the metal piercers are 
hollow or tube-like so that they can be left in place if desired and serve as a 
permanent tap or sampling port. The piercer is designed to establish a tight seal 
after penetrating the container. 

C. Pneumatic Devices 

Pneumatically-operated devices utilizing compressed air have been designed to 
remove drum bungs remotely. A pneumatic bung remover consists of a compressed 
air supply (usually SCBA cylinders) that is controlled by a heavy-day, IL-stage 
regulator. A high pressure air line of desired length delivers compressed air to a 
pneumatic drill, which is adapted to turn a bung fitting (preferably, a bronze- 
beryllium alloy) selected to fit the bung to be removed. An adjustable bracketing 
system has been designed to position and align the pneumatic drill over the bung. 
This bracketing system must be attached to the drum before the drill can be 
operated. Once the bung has been loosened, the bracketing system must be 
removed before the drum can be sampled. This attachment and removal procedure 
is time consuming and is the major drawback of this device. This remote bung 
opener does not permit the slow venting of the container, and therefore appropriate 
precautions must be taken. It also requires the container to be upright and relatively 
level. Bungs that are rusted shut cannot be removed with this device. 

Summary 
The opening of closed containers is one of the most hazardous site activities. 
Maximum efforts would be made to ensure the safety of the sampling team. Proper 
protective equipment and a general wariness of the possible dangers will minimize 
the risk inherent to sampling operations. Employing proper drum opening 
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techniques and equipment will also safeguard personnel. The use of remote 
sampling equipment whenever feasible is highly recommended. 
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STANDARDOPERATINGPROCEDURE 

Civil Surveying 

I. Surveying: General 
Modified third order survey procedures will be used for all surveying. 

II. Records 
All field notes should be kept in bound books. Each book should have an index. 
Each page of field notes should be numbered and dated and should show the initials 
of all crew members. The person talking field notes will be identified in the log. 
Information on weather (wind speed/wind direction, cloud cover, etc.) and on other 
site conditions should also be entered in the notes. Notes should also includie 
instrument field I.D. number and environmental settings. Graphite pencils or 
waterproof ballpoint pens should be used. Erasing is not acceptable; use a single- 
strike-through and initial it. The notekeeping format should conform to the 
Handbook of Survey Notekeeping by William Pafford. A survey work drawing with 
grid lines and at the scale of the topographic map should be prepared for all survey 
field work. (Field notebooks will be available on site.) 

Ill. Traverse Survey 
Horizontal angular measurements shall be made with a 20-second or better 
theodolite or transit. When using a 20-second instrument the horizontal angles shall 
be turned 4 times, (2 each direct and inverted) with the mean of the fourth angle 
being within 5 seconds of the mean of the second angle. When using a 10 second or 
better instrument the angles shall be doubled, (once each direct and inverted) with 
the mean of the second angle within 5 seconds of the first angle. Minimum length of 
any traverse courses shall be 300 feet. 

Distance measurements shall be made with a calibrated steel tape corrected for 
temperature and tension or a calibrated electronic distance meter (EDM). When 
using a EDM the parts per million (PPM), curvature and refraction corrections shall 
be made. Vertical angle measurements used for distance slope corrections shall be 
recorded to the nearest 20 seconds of arc deviation from the horizontal plan’e. 

Horizontal traverse stations shall be established and referenced for future use. All 
stations shall be described in the field notes with sufficient detail to facilitate their 
recovery at a later date. The station shall consist of a permanent mark scribed on 
facilities such as sidewalks, curbs, concrete slabs, or iron rod and cap. 
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Vertical Survey 

When practical, vertical control will be referenced to the National Geodetic Vertical 
Datum (NGVD) of 1929, obtained from a permanent bench mark. If practical, level 
circuits should close on a known bench mark other than the starting bench mark. 
The following criteria shall be met in conducting the survey: 

l Instruments shall be pegged weekly or after any time it is dropped or severely 
jolted. 

l Foresight and backsight distances shall be reasonably balanced and shall not be 
greater than 250 feet in length. 

l No side shot shall be used as a beginning or ending point in another level loop. 

l Rod readings shall be made to 0.01 foot and estimated to 0.005 feet. 

l Elevations shall be adjusted and recorded to 0.01 foot. 

Temporary bench marks (TBMs) shall be established and referenced for future use. 
All TBMs shall be described in the field notes with sufficient detail to facilitate their 
recovery at a later date. The TBMs shall consist of a permanent mark scribed on 
facilities such as sidewalks, curbs, concrete slabs, etc. or spikes set in the base of 
trees (not power poles), or tops of anchor bolts for transmission line towers, etc. 
(Horizontal traverse stations will not be considered as a TBM, but may be used as a 
permanent turning point.) 

Traverse Computations and Adjustments 

Traverses will be closed and adjusted in the following manner: 

l Step One- Coordinate closures will be computed using unadjusted bearings and 
unadjusted field distances. 

l Step Two-Coordinate positions will be adjusted (if the traverse closes within 
the specified limits) using the compass rule. 

l Step Three-Final adjusted coordinates will be labeled as “adjusted 
coordinates.” Field coordinates should be specifically identified as such. 

l Step Four -The direction and length of the unadjusted error of closure, the ratio 
of error, and the method of adjustment shall be printed with the final adjusted 
coordinates. 

Level Circuit Computations and Adjustments 

Level circuits will be closed and adjusted in the following manner: 

l For a single circuit, elevations will be adjusted proportionally, provided the raw 
closure is within the prescribed limits for the circuit. 

l In a level net where the elevation of a point is established by more than one 
circuit, the method of adjustment should consider the length of each circuit, the 
closure of each circuit, and the combined effect of all the separate circuit closures 
on the total net adjustments. 
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Monitoring Well Surveys 

Monitoring well locations will be surveyed only after the installation of the well 
casing, (with its tamper-proof locking cover), which is set in concrete. The 
horizontal plane survey accuracy is +I foot and is measured to any point on the well 
casing cover. The vertical plane survey must be accurate to 20.01 foot. The 
following two elevations will be measured: 

l Top of the outer protective casing (on the lip next to the lock hasp, not the cap). 

l Ground surface (on the north side of the well). 

Lf no notch or mark exists, the point at which the elevation was measured on the 
inner casing, shall be described so that water level measurements may be taken from 
the same location. Wells will not be opened because of health and safety concerns. 

Grid Surveys 

Selected soil boring locations may be located by the survey crew after the soil 
borings are complete. The selected borings will be staked in the field by the field 
team leader. The stake will be marked with the boring number for reference. The 
horizontal plane survey accuracy is _ + 1 foot and is measured to any point on the 
ground surface immediately adjacent to the stake. 
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Exhibit A 
STANDARDS FOR MODIFIED THIRD-ORDER PLANE SURVEYS 

Traverse 

Max Number of bearing courses 
between azimuth checks 

Astronomical bearings: 
standard error of results 

Azimuth closure at azimuth 
checkpoint not to exceed 

Standard error of the mean 
for length measurements 

Position closure per loop in 
feet before azimuth adjustment 

Leveling 

LeveIs error of closure per 
loop in feet 

N = the number of stations for carrying bearing 
M = the distance in miles 
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30 

6” 

20” JT 

1 in 50,000 

1:10,000 

0.05 4x7 



STANDARDOPERATINGPROCEDURE 

On-Site Test Kit Sampling of 
Explosives 

I. Purpose 
This procedure describes methods and equipment used for testing HMX and RDX in 
environmental samples of soil or water onsite. 

II. Scope 
The information presented in this SOP is generally applicable to all environmental 
sampling of soil (Section 5.1 through 5.3) and water (Section 5.2 and 5.3). Specific 
sampling deviations from this SOP shall be documented and presented in the 
Sampling and Analysis Plan. 

Ill. Definitions 
None. 

IV. Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that project- 
specific plans are in accordance with these procedures,-where applicable, or that 
other, approved procedures are developed. The Project Manager is responsible for 
development of documentation for procedures which deviate from these presented 
herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing 
the specific sampling techniques and equipment to be used, and documenting these 
in the Sampling and Analysis Plan. It is the responsibility of the Field Team Leader 
to ensure that these procedures are implemented in the field and that personnel 
performing sampling activities have been briefed and trained to execute these 
procedures. 

Sampling Personnel - It is the responsibility of the field sampling personnel to 
follow these procedures, or to follow documented, project-specific procedures as 
directed by the Field Team Leader and/or the Project Manager. The sampling 
personnel are responsible for the proper acquisition of soil and water samples. 
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V. Procedures 
Collecting the soil and water samples shall be accomplished in accordance with the 
procedures outlined in the following SOPS: 

soil sampling 
Groundwater Sampling 
Geoprobe Hydropunch Groundwater Sampling 
Surface Water Sampling 
Sediment Sampling 
Sampling Contents of Tanks and Drums 

A. Soil Sample Extraction 
The following procedures pertain to the extraction techniques for soil samples. 

1. Inspect the TNT/RDX Soil Extraction Pat (Item No. TK-1001S1) and the RDX 
Explosives Test Kit (Item No. TK-1005-1) from D TECH to determine if all 
sampling equipment is included. 

2. Sampling of Soil 

a. Mix and break up soil in the sampling bowl so that it is a uniform 
sample. 

b. Remove all debris, such as sticks, stones, and leaves. 

C. Utilizing the TNT/RDX Soil Extraction Pat first, draw back the Soil 
Sampling Tube plunger until it stops. Push the Soil Sampling Tube into 
the soil several times with a twisting action to firmly pack and fiIl the 
tube. Sandy soil may require a scooping action to fill the tube. 

d. Remove excess soil from the external surface of the sampling tube and 
barrel end. 

e. Dispense the soil into Bottle 1 from the TNT/RDX Soil Extraction Pat 
by positioning the barrel into the neck of the bottle and firmly pushing 
the plunger. Squeezing the barrel of the Soil Sampling Tube will help 
expel a tightly packed sample. Extraction of TNT and RDX is more 
effective if the soil plug is broken into sections during the addition to 
Bottle 1. 

f. If the soil lodges in the neck of the bottle, use the sampIing tube to push 
it into the bottle. If soil adheres to the threads of the bottle neck and 
cap, wipe clean before placing cap on bottle to limit the loss of volatile 
compounds. 

3. Cap the bottle tightly. 

4. Extraction from Soil 

a. Mix the soil and liquid in Bottle 1 by shaking continuously over a 
3 minute period. 

TestKit.Doc 11.5-2 



b. Allow the soil to settle for approximately 1 minute. Some soils will 
settle more slowly than others. 

5. Diluting the Extraction Solution 

a. Remove cap from Bottle 2 from the TNT/ RDX Soil Extraction Pac. 

b. Place an unused tip on the pipette from the TNT/RDX Soil Extraction 
Pac. 

C. Fully depress the plunger of the pipette before placing it into the bottle. 
With the plunger fully depressed, place the pipette tip into the liquid 
layer of Bottle 1 and slowly release the plunger. 

d. Dispense the contents of the pipette tip into Bottle 2 by placing the 
pipette tip into the liquid and depressing the plunger. 

e. Mix Bottle 2 thoroughly. Replace the cap tightly on Bottle 1 and return 
it to the tray. Place the used pipette tip on the right side tray 
compartment of the TNT/RDX Soil Extraction Pac. 

B. Testing Procedures for Soil and Water Samples 
1. Choose the corresponding sample source to determine the next step. All of 

the following steps will utilize the RDX Explosives Test Kit. 

a. Water: Using a new calibrated pipette, transfer 1 ml of sample to 
Bottle A. Snap filter tip on Bottle A. Gently mix. 

b. Soil: Using a new calibrated pipette, transfer 1 ml of Bottle 2 solution 
from the TNT/RDX Soil Extraction Pat to Bottle A. Snap filter tip on 
Bottle A. Gently mix. Re-cap Bottle 2 and set aside. 

2. Mixing Procedures 

a. Squeeze Bottle A filling the RDX vial to a level between the two lines 
(approximately 13 to 14 drops). Gently mix. 

b. Squeeze the contents of Reagent C (white cap) to fill the RDX Reference 
vial to a level between the two lines. Gently mix. 

C. After 5 minutes, pour the contents of RDX vial onto the T (test) side of 
the cup assembly. Pour the contents of the Reference vial onto the 
R side of the cup assembly. Allow the liquid to dram completely 
through on both sides. 

d. Add approximately 8 to 12 drops of Reagent D solution (yellow cap) 
into each side of the cup assembly. Drain completely. 

e. Add approximately 5 drops of Reagent E solution (blue cap) to each 
side of the cup assembly. Be sure to add this solution immediately to 
the second well after addition to the first well. Dram completely. 
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f. Read results when color of R (left) side of the cup assembly matches the 
color of the reference bar of the Color Card. (The color development 
time is approximately 10 minutes at 70 degrees Fahrenheit. More time 
is required at lower temperatures and less time is required at higher 
temperatures.) Match the color on the T side of the cup assembly to the 
Color Card. 

3. Record result on a cup assembly label and apply to the cup. Record this result 
in the logbook. 

Note: To preserve the colorfbr up to 4 hours (optional), add approximately 8 drops 
of Reagent F solution (red cap) into each side of the cup assembly. Drain completely. 

. 

C. Sample Dilution 
RDX concentrations greater than the upper lixnit of the test may be determined by 
diluting the extract from a 100 ppm soil sample, processed using the TNT/RDX Soil 
Extraction Pat, may be diluted 125 in acetone and run in the RDX Explosives Test 
Kit. The concentration of the undiluted sample (100 ppm) is determined by 
multiplying the RDX concentration of the diluted sample (4.0 ppm) by the dilution 
factor (25). 

VI. Quality Assurance Records 
The description of the sampling event and the resultant concentration readings in 
the field logbook shall serve as a quality assurance record. Other records include the 
chain-of-custody and sample analysis request forms for the confirmatory sampling. 

7.0 References 
1. DTECWM, 1993. “TNT/RDX Soil Extraction Pat Instruction Guide,” 

DTECI-W Environmental Detection Systems, TK-lOOlS-1. 

2. DTECI-PM, 1993. “RDX Explosives Test Kit Instruction Guide,” DTECI-l? 
Environmental Detection Systems, TK-1005-1. 

For further information about the above test kits contact: 

EM Science 
480 South Democrat Road 
Gibbstown, NJ 08027-1297 
l-800-222-0342 
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STANDARDOPERATINGPROCEDURE 

Evaluation of Surface Radiation 
Contamination 

I. 

II. 

III. 

IV, 

Purpose 
This procedure describes the methods of surveying equipment or materials for 
release to unrestricted use from work sites. 

Scope 
This procedure applies to work sites and to materials, equipment, etc., that are 
subject to release for unrestricted use. 

References 
U.S. Department of Energy (DOE) Order 5480.11, Radiation Protection of 
Occupational Workers, Attachment 2, Surfac Radioactivify Guides 

CH2M HILL Radiation Safety Manual, November 1989 

CH2M HILL Radiation Protection SOP Fixed and Removable Contamination 
Surveys, November I,1989 

Equipment and Materials 
Alpha Scintillation Detector (Eberline AC-3 or equivalent) 

Pancake-Geometry Beta-Gamma Detector (Eberline HP-210, HP-260, or equivalent) 

Portable Ratemeter/Scaler (Eberline PRS-1 or equivalent) 

Scintillation Alpha Counter (Eberline SAC-4 or equivalent) 

Equipment and Materials Release Form 7.1 

Cloth swipes and envelopes (NuCon smears or equivalent) 
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V. Instructions 

A. Release of Items for Unrestricted Use 
Both direct and transferable surveys shall be made on equipment, materials, or 
vehicles that are to be released for work sites for unrestricted use. This shall include 
any item that has entered a Controlled Area or items that may have come in direct 
contact with contamination. The potential for objects to have become contaminated 
by airborne dust particles must also be considered. The potential for contamination 
should be considered prior to any release of equipment or materials. 

All items to be released shall be surveyed in such a manner as to fully demonstrate 
that external and internal areas (of items being released) comply with surface 
contamination limits specified in Table 1 of this procedure. 

The Site Safety Coordinator (SSC) shall review survey data and inspect items prior 
to release. 

In the event the SSC has any question about internal contamination potentials, this 
item shall not be released until a complete review of pertinent information has been 
completed by the health physics technician. Upon completion of this review, 
determinations of equipment release requirements will be quickly resolved and the 
Radiation Health Manager (RHM) shall be advised. 

Release limits specified in NRC Regulatory Guide 1.86 are shown in Table 1. CHZM 
HILL release criteria are shown in Table 2. 

When items to be released have met the release limits specified in Table 2, the SSC 
shall sign the release form. Items released shall have a completed and signed copy 
of Form 7.1 attached to its exterior surface. No item shall be considered releasable 
without this form attached. Vehicles are not required to have this form attached 
unless the vehicle is to remain at the site for later removal. 

Any large item to be released that does not have a copy of Form 7.1 attached shall be 
considered potentially contaminated and will require a release survey. Small items 
(hand tools, etc.) that are to be released may be placed in a clean carton or box with a 
copy of Form 7.1 attached to the container prior to release. Small items that are to be 
released to individuals do not require the attached form if such items are 
immediately removed from the site after the release surveys. 

8. Surface Measurements 
Perform a direct surface contamination survey initially to determine the gross 
amount of activity on the item surveyed. See SOP Fixed and Removable 
Contamination Surveys. 

Surfaces must be dry for effective alpha contamination monitoring. 

Vehicles hauling contaminated materials in their contained truck beds need only the 
exterior portions of the vehicle surveyed until they are released from the project. 
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6. Direct Surface Contamination Survey 
Beta/Gamma Measurement 

D. 

1. Pass the Geiger-Mueller (GM) detector about 1 cm from the surface or item to 
be surveyed. 

2. Scan the item, covering the potentially contaminated areas, at the rate of 1 to 
2 cm per second. 

3. Record and identify all locations surveyed. If practical, sketch the item and 
identify the measurement locations on the sketch. 

4. All measurements shall be reported in units of dpm per 100 cm2. 

Direct Alpha Measurements 

1. Place the alpha scintillation detector on or near the surface to be surveyed. 

2. Scan the item using the fixed point measurement technique and allowing 
30 set per measurement. 

3. Record and identify locations surveyed using a sketch, if practical. 

4. All measurements shall be reported in units of dpm per 100 cm2. 

Evaluation of Direct Measurements 

If the activity for either alpha or beta/ gamma is greater than the criteria for 
direct surface contamination, then the item should be considered fox 
decontamination. 

Transferrable Surface Contamination Survey 
Transferrable Surface Contamination Surveys are described in SOP Fixed and 
Removable Contamination Surveys. 

Counting Transferrable Contamination Smears 

Additional instructions for counting smear samples are provided in SOP Fi:xed and 
Removable Contamination Surveys. 

1. 

2. 

Gross Alpha Counting 

l Using the scintillation alpha counter, count each smear for 1.0 mJn. 
l Record the results on the survey form. 
l Compute the dpm/lOO cmz. 
0 
Gross Beta/ Gamma Counting 

l Using the gross beta/gamma counting system, count each smear for 1.0 
min. 

l Record the results on the survey form. 
l Compute the dpm/lOO cmz. 
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3. Quality Control 

l Take one duplicate smear for every 20 smears obtained. 
l The duplicate reading will be recorded on the same survey form with the 

original measurement and identified as a duplicate reading (D). 
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Table 1 
NRC Regulatory Guide 1.86 

Surface Radioactivity Contamination Limits 
for Release for Unrestricted Use 

Ra-228, Th-230, 

(nuclides with decay 
modes other than 
alpha emission or 

aWhere surface contamination by both alpha- and beta-gamma-emitting nuclides exists, the limits 
established for alpha- and beta-gamma-emitting nuclides should apply independently. 

bAs used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive 
material as determined by correcting the counts per minute observed by an appropriate detector for 
background, efficiency, and geometric factors associated with the instrumentation. 

cMeasurements of average contaminant should not be averaged over more than 1 square meter. For 
objects of less surface area, the average should be derived for each such object. 

dThe maximum contamination level applies to an area of not more than 100 cm*. 

eThe amount of removable radioactive material per 100 cm2 of surface area should be determined by 
wiping that area with dry filter or soft absorbent paper, applying moderate pressure, and assessing the 
amount of radioactive material on the wipe with an appropriate instrument of known efficiency. 
When removable contamination on objects of less surface area is determined, the pertinent levels 
should be reduced proportionally and the entire surface should be wiped. 
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Table 2 
CH2M HILL Surface Radioactivity 

Action Levels* for Unrestricted Release 
of Equipment and Materials 

/I Direct Survey-DPM/lOO cm2 Transferable Survey-DPM/lOO cm2 

Alpha Beta-Gamma Alpha Beta-Gamma i 

300 1,000 20 200 

*No 100 cm2 area greater than this value. 
1 
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STANDARDOPERATINGPROCEDURE 

Fish Community Sampling Using 
Electroshocking Method 

I. 

II. 

III. 

Purpose 
To provide a general guideline for conducting fish community surveys using 
electroshocking equipment. 

Scope 
A standard fish survey method is provided using electroshocking methods. Site- 
specific details are discussed in related sections of the field sampling plan. 

Equipment and Materials 
l Field log book 
0 Data sheets 
0 Backpack electroshocker 
. Boat-mounted electroshocker 
0 Seines 
a Hip boots or chest waders 
0 Outer and inner rubber gloves 
0 Plastic bottles or containers 
l Measuring board 
l Cooler/Ice 
l Water buckets 
0 Site Health and Safety Plan 
l Instrument operation manuals 
0 Gasoline 
0 Formalin solution 
. Waterproof labels 
0 Fish taxonomy keys 

IV. Procedures and Guidelines 
1. 
2. 

Fish in ponds should be collected with a boat-mounted electrofishing unit. 

Fish in wetlands and stream habitat should be collected with a backpack 
electrofishing unit. 

3. Sample intervals to be conducted at sample station should consist of 
approximately 30 minutes of shocking time or until no new fish spec:ies are 
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collected in 10 minutes of shocking. Actual shocking time is to be recorded 
for each sample. 

4. Fish will be collected with a long-handled dip net and placed in to a live tank 
or bucket. 

5. Information on species, size class, location and physical condition will be 
recorded for each fish captured. Any physical abnormalities will be noted. 

6. As soon as possible after captured measurement fish specimens will be 
returned to the water. 

7. As necessary, selected fish will be retained and stored frozen for taxonomic 
verification and documentation of physical abnormalities. 

8. Sampling equipment including the fish measuring board will be cleaned and 
rinsed between each sample station. 

9. Sample stations will be mapped and information on habitat condition of each 
sample station will be recorded including water depth, substrate type, 
shoreline profile or vegetation and degree of shading. 

10. Photographs of sample stations in ponds, wetlands and creek habitats should 
be taken to supplement written descriptions. 

V. Attachments 
None 

VI. Key Checks and Items 
0 Follow recommended safety precautions in operating the fish 

electroshocking equipment. 

. Clean sample equipment between sample stations. 
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STANDARDOPERATINGPROCEDURE 

Fish Population Sampling Using 
Seining Procedures 

1 .O Purpose 
The purpose of this SOP is to provide general reference information and technical 
guidance on the procedure to sample and characterize fish communities usrng 
seining procedures. The collected samples provide information used in the deter- 
mination of population statistics of the fish community and can be used to collect 
fish samples for chemical analysis of tissues. This information will be used fin the 
assessment of risks to human health and the environment. 

2.0 Scope 
This guideline provides information on proper sampling equipment and techniques 
for the collection of fish in shallow streams, ponds, and nearshore areas of lakes, 
impoundments, bays, estuaries, and ocean shoreline. This technique is more suited 
for use in smoothbottomed, low-sloped areas. 

This procedure is not very effective when the seine is pulled over weeds and other 
obstructions as they may tend to roll up, and allow the fish to pass under the seine. 

Review of the information contained herein will facilitate planning of the field 
sampling effort by describing standard sampling techniques. The technique 
described should be followed whenever applicable, noting that site-specific 
conditions or project-specific plans may require adjustments in methods. 

3.0 Definitions 
Abio tic Non-biological components of the environment, including water 

body structure and 

natural or manmade disturbances. 

Biotic 

Bow 

Biological components of the environment, including organisms and 
vegetation. 

The front of the boat. 

Reach 

RiffIes 

The designated portion of a stream or river. 

A stretch of water flowing over, rocks, debris, or shallow sed.iments 
causing a disturbance of the water. 

RiptiaIl Along the bank of a river or lake. 
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4.0 Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that project- 
specific plans are in accordance with these procedures, where applicable, or that 
other, approved procedures are developed. The Project Manager is responsible for 
development of documentation of procedures that deviate from those presented 
herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing 
the specific sampling techniques and equipment to be used, and documenting these 
in the Sampling and Analysis Plan. It is the responsibility of the Field Team Leader 
to ensure that these procedures are implemented in the field and to ensure that 
personnel performing sampling activities have been briefed and trained to execute 
these procedures. 

Sample Personnel - It is the responsibility of the field sampling personnel to follow 
these procedures, or to follow documented, project-specific procedures as directed 
by the Field Team Leader and/or the Project Manager. 

5.0 

5.1 

Procedures 
The primary considerations for collecting fish for population studies include 
identifying sampling locations, proper sampling techniques for the haul seine and 
proper documentation of samples. Detailed procedures for conducting fish 
populations utilizing the haul seine are described in the sections to follow. 

Equipment 
The following list is an example of the type of equipment that generally must be on 
hand when collecting fish samples with a haul seine: 

Runs A stretch of water flowing without any disturbances. 

Stem The back of the boat. 

Seine 
l Fish Measuring Board 
l O-16 oz scale, l-4 lb scale, l-15 lb scale 
l Appropriate sampling keys for species to be sampled, and any required 

instruments to aid in the identification 
l Live Well (large tub) with overflow pipe to outside of boat 
l Field sampling data sheets 
l Glass jars for storage of fish 
. Formalinl” 
l Black Permanent Marker 
l Camera 
l Required Personal Protective Equipment 
l Portable Air Pumps 
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5.2 Preliminary Activities 
Apply for and receive applicable scientific collection permits as required by the 
state. Contact local fish or game officials and inform them of your activities. 

Collect and determine all information pertinent to the fish sampling project, 
including water depth, station locations, nearby boat access locations, known 
sediment contamination, any waterway obstructions or inconsistencies (e.g. shallow 
or grassy areas, low structures, pipe crossings), any other biological studies 
previously conducted on or near the site, species used locally for human consump- 
tion and the degree of such consumption, species most likely present, and the most 
appropriate sampling method for the species of interest that is permitted by law. 

Before sampling occurs, conduct a site reconnaissance using a site map. The 
objective of this exercise is to categorize habitats, and map dividing lines and 
descriptors identifying the various types of habitats available. Make notations on 
the map depicting the “abiotic” characteristics of the reach including features such 
as pools, riffles, runs, substrate, water depth, channel shape, degree of bank erosion, 
tidal variations shade/sun exposure, and relative current velocity and direction. 
Also make notations on the site map to show “biotic” characteristics of the reach 
including fish species observed, evidence of fisherman use, and aquatic and riparian 
vegetation including wetlands. In addition, identify station locations at this point, 
along with the total area to be sampled. Choose the station locations, where 
possible, to represent ecologically similar aquatic environments. 

Ensure adequate number of sample collection jars and volume of FormalirK) for 
entire trip. 

Set up a continuous flow through water system using the live wells and the pumps. 
Place the overflow pipes about five inches from the top of the well. Attach a mesh/ 
screen over the inlet of the overflow pipe to prevent loss of small fish species. 

5.3 Operating Procedure 
Determine the area to be sampled, and mark it with flagging, if possible. Stretch the 
seine across the area to be sampled, with a minimum of one field personnel on either 
side of the seine. Ensure that the weighted side of the seine is at the bottom. Best 
results are achieved when the water level is no deeper than two thirds the height of 
the slack net. 

Rapidly walk through the water at the same speed, while keeping a constant 
distance apart. If sampling in a stream, walk upstream against the current. As the 
end of the sampling area approaches, Pull the seine rapidly toward the shore, and 
lift the weighted end out of the water. Place the collected fish into the live vvells. 

If other field personnel are present, have them walk towards the seine to chase the 
fish in that direction. ln addition, have them help to lift the seine when the 
sampling effort is complete. 

Conduct sampling in areas that will ensure adequate qualitative and/or quantitative 
representation of the fish community, whichever is necessary. These areas should 
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include riffles/runs, shorelines, snags, natural fish holding areas, vegetation beds 
and other habitats. 

At the end of a sampling reach, identify, measure, weigh and release the specimens. 
Record the proportion of individuals as hybrids and the proportion of individuals 
with disease, tumors, fin damage, skeletal anomalies, and any other pertinent 
information on a field data sheet. 

At a minimal, preserve one representative fish from each species in 10% Formaline, 
as a voucher specimen. Record the station location, date sampled, and species name 
on the label. 

6.0 Quality Assurance Records 
Quality Assurance records will be maintained for each sample that is collected. The 
following information will be recorded in the Field Logbook: 

l Sample identification (site name, location, project no.; sample name/number and 
location; sample type and matrix; tune and date; sampler’s identity). 

l Field observations and measurements (sample setting, appearance of substrate, 
sampling method, and photograph descriptions). 

l Additional remarks, as appropriate. 

Record all observations in the Field Logbook as described in SOP F202. Complete 
field sheets for the collected samples. 

7.0 References 
Brower, 1977. James E. Brower and H. Jerrold Zar. Field and Laboratoy Methods for 
General Ecology. Wm. C. Brown Company Publishers. 1977. 

Ricker, 1971. Ricker, W.E. Methodsfbr Assessment of Fish Production in Fresh Waters. 
International Biological Programme Handbook No. 3.197-l. 

U.S. EPA, 1987. U.S. Environmental Protection Agency. A Compendium ofSuperfund 
Field Operations Methods. Office of Emergency and Remedial Response, Office of 
Waste Programs Enforcement. December 1987. 

U.S. EPA, 1989. Warren-Hicks, William, Parkhurst, Benjamin R., Baker, Samuel S. Jr. 
Ecological Assessment of Hazardous Waste Sites: A Field and Laborato y Refireme. U.S. 
EPA, Environmental Research Laboratory, Corvallis, OR 97333. March 1989. 
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STANDARDOPERATINGPROCEDURE 

Fish Population Sampling Using Gill 
Net Procedures 

I. Purpose 
The purpose of this SOP is to provide general reference information and technical 
guidance on the procedure to sample and characterize fish communities using gill 
net procedures. The collected samples provide information used in the deter- 
mination of population statistics of the fish community and can be used to collect 
fish samples for chemical analysis of tissues. This information will be used in the 
assessment of risks to human health and the environment. 

II. Scope 
This guideline provides information on proper sampling equipment and techniques 
for the collection of fish in streams, ponds, and nearshore areas of lakes, 
impoundments, bays, and estuaries, and the ocean shoreline. This technique is most 
effective in slow moving streams and rivers, and open areas in lakes and 
impoundments. Swift moving water bodies tend to tangle the nets. 

Review of the information contained herein will facilitate planning of the field 
sampling effort by describing standard sampling techniques. The technique 
described should be followed whenever applicable, noting that site-specific 
conditions or project-specific plans may require adjustments in methods. 

Ill. Definitions 
Abio tic Non-biological components of the environment, including water 

body structure and natural or manmade disturbances. 

Bow The front of a boat. 

Biotic Biological components of the environment, including organisms and 
vegetation. 

Reach 

Riffles 

The designated portion of a stream or river. 

A stretch of water flowing over, rocks, debris, or shallow sediments 
causing a disturbance of the water. 

Riparian Along the bank of a river or lake. 

Stern The back of a boat. 

Runs A stretch of water flowing without any disturbances. 
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IV. Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that project- 
specific plans are in accordance with these procedures, where applicable, or that 
other, approved procedures are developed. The Project Manager is responsible for 
development of documentation of procedures that deviate from those presented 
herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing 
the specific sampling techniques and equipment to be used, and documenting these 
in the Sampling and Analysis Plan. It is the responsibility of the Field Team Leader 
to ensure that these procedures are implemented in the field and to ensure that 
personnel performing sampling activities have been briefed and trained to execute 
these procedures. 

Sampling Personnel - It is the responsibility of the field sampling personnel to 
follow these procedures, or to follow documented, project-specific procedures as 
directed by the Field Team Leader and/or the Project Manager. 

V. Procedures 
The primary consideration for collecting fish using gill nets is identifying sampling 
locations where there is a steady traffic of fish. Accurate and timely deployment 
and retrieval of the gill nets is a key variable in the success of the fish collection 
effort. Detailed procedures for conducting fish populations utilizing gill nets are 
described in the sections to follow. 

A. Equipment 
The following list is an example of the type of equipment that generally must be on 
hand when collecting fish samples with gilI net: 

. 

. 

. 

. 

. 

. 

l 

. 

. 

0 

0 

. 

l 

l 

. 

0 

Sampling boat 
GiIl nets (the size mesh is dependent on the size fish desired for collection) 
Flotation and weights to properly set the nets 
Fish Measuring Board 
O-16 oz scale, 1-4 lb scale, l-15 lb scale 
Live Well (large tub) with overflow pipe to outside of boat 
Appropriate sampling keys for species to be sampled, and any required 
instruments to aid in the identification 
Field sampling data sheets 
Glass jars for storage of fish 
Formalin 
Black Permanent Marker 
Camera 
Required Personal Protective Equipment 
Portable Air Pumps 
Field log book 
Fish scale envelopes 
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l Tweezers 
l Additional line and couplings 
l Tools (pliers, variable wrench, hammer) 

B. Preliminary Activities 
Apply-for- and receive applicable scientific collection permits as required by the 
state. Contact local fish or game officials and inform them of your activities.. 

Collect and determine all information pertinent to the fish sampling project, 
including water depth, station locations, nearby boat access locations, known 
sediment contamination, tidal variation, any waterway obstructions or mcon- 
sistencies (e.g. shallow or grassy areas, low structures, pipe crossings), any other 
biological studies previously conducted on or near the site, species used locally for 
human consumption and the degree of such consumption species most likely 
present, and the most appropriate sampling method for the species of interest that is 
permitted by law. 

Before sampling occurs, conduct a site reconnaissance using a site map. The 
objective of this exercise is to categorize habitats, and map dividing lines an’d 
descriptors identifying the various types of habitats available. Make notations on 
the map depicting the “abiotic” characteristics of the reach including features such 
as pools, riffles, runs, substrate, water depth, channel shape, degree of bank erosion, 
shade/sun exposure, and relative current velocity and direction. Also make 
notations on the site map to show “biotic” characteristics of the reach including fish 
species observed, evidence of fisherman use, and aquatic and riparian vegetation 
including wetlands. In addition, identify station locations at this point, along with 
the total area to be sampled. Choose the station locations, where possible, to 
represent ecologically similar aquatic environments. 

Ensure adequate number of sample collection jars and volume of Formalin for entire 
trip. 

Set up a continuous flow through water system using the live wells and the pumps. 
Place the overflow pipes about five inches from the top of the well. Attach a mesh/ 
screen over the inlet of the overflow pipe to prevent loss of small fish species. 

C. Operating Procedure 
Determine the area to be sampled, and mark it with flagging, if possible. Field 
personnel that are setting the net should be standing on the platform on the bow of 
the boat. Place one end of the gill net with a weight attached to the bottom and a 
buoy attached to the top into the water, stretch the gill net (do not leave slack) across 
the area to be sampled by pulling it along with the boat. If there is a discernible 
flow, the net will be set in the upstream direction. 

The net should remain in the sample location for 8 to 12 hours before retrieving. 
Field personnel that are collecting the fish should be standing on the platform on the 
bow of the boat. The net should be pulled slowly from the water and the collected 
fish removed as the net is being removed from the water. Place the collected fish 
into the live wells. 
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Conduct sampling in areas that will ensure adequate qualitative and/ or quantitative 
representation of the fish community, whichever is necessary. These areas should 
include riffles/runs, shorelines, snags, natural fish holding areas, vegetation beds 
and other habitats. 

Upon retrieval of a gill net, identify, measure, weigh and release the specimens. 
Collect fish scales for aging. Record the proportion of individuals as hybrids and 
the proportion of individuals with disease, tumors, fm damage, skeletal anomalies, 
and any other pertinent information on a field data sheet. 

To the extent possible, process all species in the field and return them to the stream 
alive. If specimens present taxonomic difficulties, or are too numerous for effective 
field processing, preserve them in 10% Formalin, and transport them to the office or 
lab for taxonomic work and measurements. 

At a minimum, preserve one representative fish from each species in 10% Formalin 
as a voucher specimen. Record the station location, date sampled, and species name 
on the label. 

VI. Quality Assurance Records 
Quality assurance records will be maintained for each sample that is collected. The 
following information will be recorded in the field logbook: 

0 Sample identification (site name, location, project no.; sample name/number 
and location; sample type and matrix; time and date; sampler’s identity). 

. Field observations and measurements (sample setting, appearance of 
substrate, sampling method, and photograph descriptions). 

0 Additional remarks, as appropriate. 

Record all observations in the field logbook. Complete field sheets for the collected 
samples. 

VII. References 
Brower, 1977. James E. Brower and H. Jerrold Zar. Field and Laboratory Methods for 
General Ecology. Wm. C. Brown Company Publishers. 1977. 

Ricker, 1971. Ricker, W.E. Methods fir Assessment of Fish Production in Fresh Waters, 
International Biological Programme Handbook No. 3.1971. 

U.S. EPA, 1987. U.S. Environmental Protection Agency. A Compendium of Superfind 
Field Operations Methods. Office of Emergency and Remedial Response, Office of 
Waste Programs Enforcement. December 1987. 

U.S. EPA, 1989. Warren-Hicks, William, Parkhurst, Benjamin R., Baker, Samuel S. Jr. 
Ecologiud Assessment of Hazardous Waste Sites: A Field and kborato?y Refirence. U.S. 
EPA, Environmental Research Laboratory, Corvallis, OR 97333. March 1989. 
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STANDARDOPERATINGPROCEDURE 

Qualitative Terrestrial Vegetation 
Sampling 

I. Purpose 
To provide a general guideline for conducting a qualitative terrestrial plant 
community survey. 

II. Scope 
A standard terrestrial plant community survey method is provided. Site-specific 
details are discussed in related sections of the field sampling plan. 

Ill. Equipment and Materials 
Topographic and site area maps 
Aerial photographs 
Compass 
Data sheets 
Hand lens 
Field guides or keys 
Species list, if available 
DBH (diameter at breast height) tape 
Tape measure 
Appropriate safety equipment 
Camera 
Site Health and Safety Plan 
Field log book 

IV. Procedures and Guidelines 
1. Subjectively select a representative sample point within each major plant 

community of the site. These points may be located along preestablished 
transects or simply by initially cruising the site area. Selected sample points 
should be no closer than 50 ft. from the nearest perceptible change in the 
plant community. 

2. Establish an appropriate size sample plot. In forested areas a sample plot of 
approximately 30 ft in radius will be sufficient. Other size plots may be used 
depending on characteristics of the community being sampled. 
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3. Identify the dominant species in each strata or size class as follows: 

Trees - >lO cm dbh and >20 ft tall. 

Saplings - ~10 cm dbh and >20 ft tall. 

Shrubs - ~20 ft. tall. 

Herbaceous plants - nonwoody plants and ground covers. 

4. Estimate the percent area1 cover of saplings, shrubs, and herbaceous plants at 
each sample point. Determine the dbh of tree species. 

5. Record information on prepared data sheets and plot the location of the 
sample point on a map of the site. 

6. Record any signs of plant stress or other effects of possible contaminants 
such as wilting, discoloration, abnormal growth form or shape. 

7. Photograph major plant community types and any observed signs of plant 
stress. 

V. Attachments 
None. 

VI. Key Checks and Items 
0 Record signs of plant stress or other effects of possible site contaminants on 

vegetation. 

. Have appropriate keys and field guides for plant identification. 

TerrVeg.doc Revised 1 O/31 I96 12.4-2 



STANDARDOPERATINGPROCEDURE 

Qualitative Mammalian Species Survey . 

I. 

II. 

Ill. 

Purpose 
To provide a general guideline for conducting a qualitative mammal community 
survey. 

Scope 
A standard procedure for conducting a qualitative terrestrial mammal community 
survey. Site specific details are discussed in related sections of the SAP. 

Equipment and Materials 
Topographic and site area maps 
Aerial photographs 
Compass 
Data sheets 
Hand lens 
Field guides or keys 
Species list, if available 
Appropriate safety equipment 
Camera 
Binoculars 
Site Health and Safety Plan 
Field log book 

IV. Procedures and Guidelines 
1. 

2. 

Proceed along a series of preestablished sample transects over the site, being 
sure to include every major plant community or habitat type. 

Search additional areas or locations that may provide areas of mammal 
concentration or opportunities for observation of mammal signs suclh as 
tracks. 

3. Record direct observations of mammals and any signs of mammal activity on 
the site including but not limited to the following: 

Tracks or foot prints 

Scats, droppings or other fecal material 

Burrows or holes in stream banks, hill sides or den trees 
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4. 

Leave, grass, or stick nests on the ground or in trees 

Ridges, mounds, or tunnels in the g-round or in vegetation 

Trails or runways through the study area 

Signs of g-razing, browsing, rubbing, or clawing on trees, shrubs, or 
other vegetation 

Photograph representative signs of mammal activity and plot the location of 
nests, burrow, etc., on a map of the site. 

V. Attachments 
None 

VI. Key Checks and Items 
0 Look for mammal signs on the ground, in trees and other vegetation, and 

along wetlands and water bodies. 
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STANDARDOPERATXNGPROCEDURE 

Qualitative Herpetofauna Community 
Survey 

I. Purpose 
To provide a general guideline for conducting a qualitative herpetofauna 
community survey. 

II. Scope 
A standard procedure for conducting a qualitative herpetofauna survey. Site- 
specific details are discussed in the SAP. 

III. Equipment and Materials 
. Topographic and site area maps 

a Aerial photographs 

0 Compass 

l Data sheet 

0 Hand trowel, hand rake, or other tool to over turn rocks and logs 

. Hand lens 

l Field guides or keys 

0 Species list, if available 

. Appropriate safety equipment 

l Camera 

0 Portable tape player and prerecorded tape recording of regional 
herpetofauna vocalizations 

IV. 

l Site Health and Safety Plan 

Procedures and Guidelines 
1. 

2. 

Proceed along a series of preestablished transects over the site. Be sure 
transects occur within each major plant community or habitat on the site. 

Search areas that provide specific habitats and/ or opportunities for reptile 
and amphibian observations such as wetlands, stream banks, and pond 
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borders. 

3. Search for herpetofauna by overturning rocks, logs, and other objects, being 
sure to carefully replace the objects. 

4. Record direct observations of amphibians and reptiles including their sign 
such tracks, burrows, tunnels, etc. 

5. Record observations on premade data sheets and plot significant sittings on 
maps of the site. 

6. Schedule special observation periods following precipitation events and at 
evening hours to record herpetofauna vocalizations. 

V. Attachments 
None 

VI. Key Checks and Items 
. Possess appropriate field guides and keys. 

l Record herpetofauna vocalizations. 
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STANDARDOPEXATZNGPROCEDURE 

Avian Community Survey 

I. 

II. 

Ill. 

Purpose 
To provide a general guideline for conducting a qualitative avian species communit, 
survey. 

Scope 
A standard avian community sampling procedure is provided. Site specific details are 
discussed in related sections of the SAP. 

Equipment and Materials 
l Topographic and site area maps 
l Aerial photographs 
l Binoculars 
l Data sheets 
0 Species code list 
l Compass 
0 Field guides or keys 
0 Species list, if available 
0 Appropriate safety equipment 
l Camera 
. Site Health and Safety Plan 
0 Field log book 

IV. Procedures and Guidelines 
1. Conduct avian surveys at preestablished sample points over the site. Sample 

points should be located in each major plant community or habitat type of the 
survey area and should be far enough apart to avoid counting the same birds 
twice. 

2. Record all birds heard or seen from the sample point for a period of 
approximately 20 minutes. Shorter time intervals may be used under some 
circumstances. 

3. Scan for birds at all levels of vegetation and take care not to record the same 
bird more than once. 

4. Record the species, number, sex, and age if possible for all birds observed. If 
birds occur in flocks to large to be counted estimate the number of birds by 
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V. 

VI. 

5. 

6. 

7. 

counting the number of birds in a portion of the group and estimating the 
mrmber of portions in the entire flock. 

Record the activity, habitat, and type of observation (i.e., seen, heard, or both) 
using the codes on the data sheet. 

Birds flying over the site but not actually landing within a specific habitat type 
should be recorded as “fly overs.” If, however, a bird flies through an area and 
never lands, but the observer feels it is using the particular habitat type, then 
record that type. 

Record bird species using the appropriate AOU four letter code. 
Unidentifiable birds should be recorded with an “unknown code.” 

8. 

9. 

Surveys should be conducted between daybreak and 9:30 a.m., if possible. 
Surveys should not be conducted in high winds, heavy rams, or heavy fog. 
Weather conditions at the time of survey should be recorded on the data 
sheets. 

Record other signs of bird use of the site such as stick nests, nest or roost 
cavities, droppings or pellets, tracks, and signs of foraging. 

Attachments 
l Standard abbreviations for common names of birds, 

Key Checks and Items 
0 Avoid counting the same bird more than once. 

0 Record all birds even those that cannot be identified accurately 

l Record signs of bird use of the site such as nests in trees and cavities, 
droppings or pellets, and tracks. 
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GTAHDARD ABBREVIATIOHS FOR COfltlOH NAHES OF BIRDS 

LOOH 

1 COI.0 
2 YBLO 
3 ARLO 
4 RTLO 

GREBES 

5 RHGR 
6 IIOGR 
7 EAGR 
8 LEGR 
9 WEGR 

10 PBGR 
UNGR 

ALBATROSSES 

11 BFAL 
12 LAAL 

SIIEARYATERS 

13 NOFU 
14 CRSII 
15 SOSH 
16 IIASII 
17 COSH 
10 PFSII 
19 STSII 
20 Blslt 
21 AUSll 

22 BEPE 
23 BOPE 

‘Common Loon’ 
‘Yellow-billed Loon’ 
‘Aratio Loon’ 
‘Red-throated Loon’ 

‘Red-nicked Crebe’ 

‘Horned Grebe’ 

‘Eared Grebe’ 

‘Leaat Grebe’ 
‘Western Gtebe’ 
‘Pied-billed (Irebe 
‘Unidentified Grebe’ 

‘Black-footed Albatross’ 
‘Laysnn Albatross’ 

‘Northern Fulmar’ 
‘Greater Shearwater’ 
‘Sooty Shearwater’ 
‘llanx, Shearwater’ 
‘Cory’a Shearwater’ 
‘Pink-fooled Shearwater’ 
‘Short-talled Shearwater’ 
‘l~u~ler’e Shearwater’ 
‘Audubon’s Shearwater’ 
‘Bermuda Petrel 
‘Bonln Petrel ’ 

STORH-PETRELS 

24 FTSP ‘Fork-talled Storm-Petrel’ (Oceanodroma furcata) 
25 LSPE ‘Leech’s Storm-Petrel’ (Oceanodroma leucorhoa 1 
26 ASPE ‘Ashy Storm-Petrel’ (Oceanodroma homochroa 1 
2-I BSPE ‘Dlack Storm-Petrel (Oceanodroma melenla I 
20 LTPE ‘Leasr Storm-Petrel IOcearrodroma microeoma) 
29 WSPE ‘Wilaon’a Storm-Petrel’ (Oceanitea oceaniou9) 

TROPICBIRDS 

30 RBTR 
31 wm 

32 RTTR 

‘Red-hiLled Tropicbird 
‘Whlto-tat led Tropicbird’ 
‘Red-tailed Troplcblrd’ 

(Uavia imaer) 
(Gavia adeasil) 
(Gavia arctica) 
(Cavla etellata) 

(Podiceps qriseqena) 
IPodiceps auritua) 

(Podtcepa nlgricallia). 
(Tachybeptus dominicus) 
( Aechmorphorus occidental!ie) 
(PodLlyabua podicepe) 

* . 

(Dlomedea nigripes 1 
(DLomedea inmutabilis) 

(Fulmarue glacialis) 
(Pufflnus gravia) 
(Puffinus grieeus) 
(Puffinua puffinus) 
(Calonectria dlonedea) * 

(Puffinus creatopus) 
(Puffinus terruirostri9l 
(Puffinus bullrr1l 
(Put f inus Iherainieri) 
(Pterodrona callow f 
(Pterodroaa hypoleuca) . 

(Plraethon aethereus) 

(Phtr~tlron lepturw 1 
(Phaethon rubricauda) 



PELICANS 

33 AYPE ‘haeriaan White Pelican’ 
34 BRPE ‘Brown Pelican 

BOOBIES, CMHNETS 

3s nmo ‘tlasked Booby’ 
36 BLBO ‘Blue-footed Booby’ 
37 BRBO ‘Brown Booby’ 
38 RF30 ‘Red-footed Booby’ 
39 NOGA ’ Northern Uannet ’ 

CORHORAHTS 

40 CRC0 
41 DCCO 
42 OLCO 
43 ONtO . 
44 PECO 
45 RFCO 

‘Great Cormorant’ 
‘Double-crested Cormorant’ 
‘Olivaceous Cormorant’ 
‘Bra&t’s Cormorant’ 
‘Pelagic Cormorant’ 
‘Hed-faced Cormorant’ 

ANN I NQA6 

46 AN111 ’ Anhinqa ’ 

FRIGATEBIRDS 

47 HAFR 
40 CRFR 
49 LEFR 

‘tlagnificent Frlqatebird’ 
‘Great FriyatebLrd’ 
‘Lesser Frigateblrd’ 

IIERONS 

50 CBIIE 
Sl CRllE 
52 LBHE 
53 CAEG 
54 REEG 
55 GREG 
56 SNEQ 
57 TRIiE 
se BCNII 
59 YCNII 
60 LEBI 
61 AHBI 

UNllE 

‘Great Blue Heron” 
‘Green-backed Heron * 
‘Little 611.16 Heron 
‘Cattle Egret * 
‘Reddish Egret’ 
‘Qreat Egret’ 
‘Snowy Eyret’ 
‘TricoLored Heron 
‘Black-Crowned Night Heron’ 
‘Yellow-Crowned Nlyht lloron 
‘Leaat Blttern’ 
‘American Bittern’ 

.‘Unidentif ied Heron/Egret 

STORKS 

* 62 WOST ‘Wood Stork’ 

(Peleoanua erythrorhynchos) 
(Pelecanus occtdentalia) 

(Sula dactylatra) 
(Sula nebouxii) 
(Suia ieucogasterl 
(Sula 13~18). 

(Sula baasanus) 

(Phalacrocorax Garbo) 
(Phalacrocorax auritusl 
(Phalacrocorax olivaceus) 
(Phalacrocorax penlcillatua) 
(Phalacrocorax pelagicue) 
(Phaiacrocorax wile) 

(Anhfnga anhlnga) 

(Freqata nagnlficenal 
o’reqa ta minor ) 
(Freyeta erieA) 

(Ardea herodias 1 
(Butorides strlatua) 
(Egretta caerulea) 
(8ubulous ibis) 
(Eyretta rufescens 1 Q 
(Casmerodius albus) 
IEyretta thule) 
(Eyretta tricolor) 
(Nycticorax nyctlcorax) 
(Nyctfcorax vlolaceus) 
tlxobryohue exilla) 
(Botaurus lentiglnosue) 

. 

(Hycterio americana) 



IBISES 

63 GLlB 
64 WFtB 
65 WRIB 
66 SCIB 
67 ROSP 

FLAtl I NGOS 

60 GAFL 

WATERFOWL 

.,I:., 

69 nusw 
70 WPSW 
71 BESW 
72 TUSW 
73 TPSW ’ 
74 CAGO 
75 BRAN 

* 76 BAG0 
77 EIIGO 
70 GUFG 
79 SNGO 
80 ROGO 
81 BBWD 

82 FWDU 
83 HALL 
04 AL)DU 

OS now 
06 CADIl 

07 HOPI 
00 CUTE 
B9 BWTE 
90 ClTE 
91 GATE 
92 UNTE 

. 93 EUWI 
94 AIlWI 
95 KOSN 
96 WODU 

97 RED11 
9% HNDU 
99 CAKV 

100 CRSC 
s_ 101 LESC 

102 COG0 
103 RUG0 ’ 
LO4 BUFF 
10s OLDS 
106 IlAIN 

‘nut0 Swan’ (Cygnus olor) 

’ Whooper Swan’ (Cygnus cygnua) 

‘Berick’s Swan’ (Cygnus coiumblanus bewl~ckil) . ’ 

‘Tundra Suan’ (Cygnus colunblanual 

‘Trumpeter Swan’ (Cyynus buccinator 1 

*Canada Goose’ (Brenta canadensisl 

* Brant’ (Branta bernicia) 

‘Barnacle Goose’ (Branta leuoopala) , 

‘Emperor Goose’ (Chen canaglcal 
‘Greater White-fronted Gooae’ (Anuer albifrons) 

‘Snow Goose’ (Chen caerulescena 1 
‘Ross’ Goose’ (Chen rosa111 
‘Black-bellied Whistling-Duck’ (Dendrocygna aUtUmnaliS) 

‘Fulvous Whistling-Duck’ (Dendrocygna blcolor 1 
‘Mallard’ (Anaa platyrhynchoel 
‘Anerlcan Black Duck’ (Anas rubrlpes) 
‘flottied Duck’ (has fulvlyula) 
‘Gadwall * (Anas strepera) 
‘Northern Pintall’ (Anaa acuta) 
‘Creeh-winged Teal’ (Anas creccs 1 

‘Blue-winged Teal’ (Anas discore 1 
‘Cinnamon Tea I’ (Anas cyanoptera) 
‘Garganey Teal’ (Anas querquedula) ’ 
‘Unldentlfied Teal’ 

‘Eurasian Widgeon’ (Anas Penelope) 
‘Amertcan Widyeon’ ( Anae amer lcana 1 
’ florthern Shoveler ’ (Anas alypeata) 
‘Wood Duck’, (hix sponaa) 
‘Redhead’ (Aythya aserlcana) 
‘Rlng-neaked Duck’ (Aythya collaria) 
‘Canvaaback’ (Aythya valielnerial 
‘Greater Scaup’ fhythye marile) 
’ Lesser Scaup ‘ (Aythya affinis) ’ 
‘Coaaon Goldeneye’ (Bucephala clangula) 

‘Barrow’s Goldeneye’ (Ilucephale ialandlca) 
‘Buffleherd’ (Buaephaia allbeoie) 
‘Oldaquaw’ (Clnngula hysralis) 

‘Alar laquln Duck ’ O~lstrionlcue hletrlonicus) 
. . ., 

‘Glossy Ibla’ (Pleqadla falcinellua) 

‘White-faced Ibis’ (Plegadla chihi) 

‘white Ible’ (Eudoclmus albus) 

‘Scarlet 1181s’ (Eudocisus tuber) 
‘Roseate Spoonblll’ (Ajeia ajaja) 

‘Greater American Flamingo’ (Phoenicopterua ruber 1 



108 COEI 
1OY KIEI 
110 SPEI 
ill wwsc 
112 SUSC 
113 ULSC 
114 RUINl 

’ 115 HADU 
116 IlOttE 
117 COIlE 
118 WBHE 

UNLNJ 

‘Coaman Eider 
* Kinq Eider’ 
‘Speotaoled E 
‘White-winged 
‘Surf ScoCer’ 
‘tllack Seater’ 
’ Ruddy Duck ’ 
‘tlaaked Duok’ 
* Ilooded Hvrganaer * 
‘Carwon tleryanaer’ 
‘Red-breastad nerqanser’ 
‘Unidentffied Duok‘ 

VULTURES 

119 TUVU 
120 DLVU 
121 CACO 

‘Turkey Vulture’ 
‘Black Vulture’ 
‘California Condor’ 

KITES, IIAWKS 

122 WTKI 
123 ASTK 
124 HIKI 
125 SHKI 
126 HOG0 
127 SSiiA 
128 COIlA 
129 HTllA 
130 HSIIA 
131 BWIIA 
132 SUIIA 
133 2’l’llA 
134 WTIIA 
135 STllA 
136 HLIIA 
137 FEHA 
138 GHIIA 
139 IIAIIA 
140 CBIIA 
141 GOEA 

142 8AEA 
143 HOIIA 

UNitA 

‘White-tailed Kite’ 
‘American Swallow-tailed Kite’ 
‘tliesiealppi Kite’ 
‘Snail Kite’ 
‘Northern Goahauk’ 
‘Sharp-shinned Nawk’ 
‘Cooper’8 llawk’ 
‘Red-tailed llawk’ 
‘Red-akouidered llawk’ 
‘0roadwinqed liawk’ 
‘Swainaon’a Hawk’ 
‘Zone-talfed Ilawk’ 
‘White-tailed Hawk 
‘Short-tailed Ilawk’ 
‘Rough-legged Hawk 
‘Ferruqinous Hawk 
‘Gray Hawk’ 
‘llarria’ Hawk’ 
‘Common Black Hawk 

‘Golden\ Eaqle’ 
‘Bald Eaqlu 
‘florttlet-n Ilarrier’ 
‘Unidentified Hawk’ 

OSPREY 

144 OSPR ‘Osprey 

ider’ 
Saoter’ 

(Somateria ~olliaeima) 
(Somateria spectahLli8) 

(6omateri-a fiacheri) 
(Ilelanitta fuctca) 
(tielanitta perapicillata) 
(Helonitta rrlgra) 
(Owyura jamaicenais) 

(Oryuro doatn~co) 
(Lophodyten oucullatue) 
(Herqua oerqanaer) 
(Herqua eerrator) 

(Cathartes aura). 

(Corayyprl atratusl 
(GymnoqypY californianus) 

{Elanus caeruleuu, 
(Elanoideu forficatual 
(iatinia oiaalea~pplensie) 
(Rostrhaous aoaiahlli~l 

(ACGipit63r gentlli8) 
(Accipiter atriatus) 
(Accipiter cooperil) 
(But80 jamalcensia) 
(butea ‘lirreatuel 

(bite0 platypterua) 
(Buteo awaineonl~ 
(Buteo aibonocatuel 
(Buteo albicaudatusl 
(But60 brachyurue) 
(Uuteo lagopus) 
(IJute regalirr) I 

(Buteo nltidua 1 
(Parabuteo unlcinctual 
(Wteoqallua anthracinus) 
(Aquila ch~ysaetoe) 
(Haliaeetue 1eucocephalue) 
(Circue cyaneuo) 

(Pandion haliaetusl 



FALCONS 

14s CACA 
146 QYRf 
147 PRFA 
148 PEFA 
149 APFA 
150 HERI. 
is1 hnbx 

UHFA 

‘Create;! Caracara ’ 
‘Gyrfalcon’ 
‘Prairie falcon’ 
‘Peregrine Falcon’ 
‘Aplomado Falcon’ 
‘Herlin’ 
‘American Kestrel’ 
‘Unidentified falcon’ 

152 PLCH ‘Plain Chachalaca’ 

GROUSE, PTARMIGAN 

153 BUGR ‘Blue Grouse’ 
154 SPGR ‘Spruce Grouse’ 
155 RUGR ‘Ruffed Grouse’ 
156 WIPT ‘Uillow Ptarmigan’ 
157 ROPT ‘Rock Ptarmigan 
1SB WTPT ‘White-tailed Ptarmigan’ 

IS9 GPCII ‘Greater Prairie-Chicken’ 
160 LPCll ‘Leeaer *Prairie-Chicken’ 
161 STCR ‘Sharp-tailed Grouee’ 

.152 SAGR ‘Sage Grouse’ 

QUA IL, PI1EASAHT 

163 HOD0 
164 nfw d 
165 SCQU 
166 CAOU 
167 GAOU 
168 now 
169 nmu 
170 R1IPIi 
171 CllUK 
172 GHPA 
173 BLFR 

TURKEY 

‘Northern Bobwhite’ 
‘noeked Bobwhite’ 
‘Scaled Queil’ 
‘California Quail’ 
‘Gambel’s Ouell’ 
‘nountnin Quail’ 
‘Hontetuma Quail’ 
‘Ring-necked Pheasant’ 
‘Chukar’ 
‘Gray Partridge’ 
‘3feck Francolin’ 

174 WITU ‘Uild Turkey’ 

175 WllCR ‘Whooping Crane’. 
176 GSCR ‘Greeter SanJtii11 Crane’ 
k-i7 SACK ‘SandhL11 Crane’ 

(Polyborus planous) 
(,Fa Ice rua ticolus 1 

(Falco aexicanue) 
(felco pereqrlnual 
(Falco femoral181 
(falco columbariuel 
(Falco sparverius) 

(Ortalia vetula) 

(Dendragapus obscurua 1 
(Dendrayapue canadensia) 
(Bonesa umbelluef 
(Lagopua lagopus) 
(LalJopus mutus I 

(Laqopua leucurus 1 
(Tympanuckuecupldo) 
(Tympanuchus pellidiclnctua~ 
(Tympanuchua phaaianellue) 
(Centrocercue urophaeianua I 

(Colinus virginianusl 
(Colfnus vlrqinianus ridgwayi) 
(Callipepla equanata) 
(Callipeple caALPornica) ’ 
(Callipepla gambelii) 
(Oreortyx pictuai 
(Cyrtonyx montetumael 
( Was i anus co lchiaus ) 
(Aleotorirr chuknr) 
t Perdlx perdix 1 
(Francolinus f rancollnus) 

(tleieagris gallapavo) 

(Grus americana) 
((;~IJs canadensi8 tabida) 

(Grus canadeneie I 



LltlPKIN 

178 LItlP * Lirpkin’ (Araoue guatauna) 

RAILS, QALLIHULES, COOTS 

179 KXRA 
180 CLRA 
161 VIHA 
182 SOMA 
183 YERA 
184 BLHA 

18s PUGA 
186 con0 
187 ~~20 

JACANA 

‘King Rail’ 
‘Clapper Rail’ 
‘Vlrgtnla Itoll * 
‘Sara’ 
‘Yellow Rail’ 
‘0laok Rail’ 
‘Purple Galinula’ 
‘Comaon noorhen' 
‘Awrican Coot‘ 

180 NOJA ‘Northern Jacana’ 

OYSTERCATCIIERS 

109 AHOY 

190 ABOY 

PLOVERS 

191 NOLA 
192 CRPL 
193 SEPL 
194 PIPL 
195 SNPL 
196 WIPL 
197 KILL 
198 tIOPL 
199 LGPL 
200 BBPL 
201 SURF 
202 HUTU 
203 BLTU 

UNPL 

SAHDPI PERS 

204 AtlWO 
205 COSN 
206 LBCU 
20’1 wllIn 
208 BTCU 
209 UPSA 
210 YPSA 
211 SOSA 
212 WATA 

(Rallus elegana) 
(I~allue longiroetris) 
(fbllU&d lidCOlA) 
(Porrana carolino) 
(Coturnicops noveboracenais) 

(Latarrllus jamlcanai8) 
(Parphyrulo martinica) 
(Qalliaula ohloropua) 
(Fultca aoaricena) 

(Jacana spinosa) 

‘American Oyataraatchar’ (Ilaaaatopua palliatua) 
‘American blaok Oystaraatahar’ (liaaaatopua Lachmanl) 

‘Northarn Lapwing’ 
‘Common Ringed Plovar’ 
‘Sacipalnatad Plover’ 
‘Piping Plover’ 
‘Snowy Plover’ 
‘Wileon’a Plover’ 
‘Killdear’ 
‘Uountaln Plover’ 
‘Lm8ar Goldon-Plover’ 
‘Black-bellied Plover’ 
‘Surfhlrd’ 
‘Ruddy Turnatone’ 
‘Black Turn8tona’ 
‘Unidantif ied Plover’ 

‘Aaarican Woodooak’ 

‘COmmon Suipa 
‘Long-billed Curlew’ 
‘Whiahral’ 
‘Bristle-thiqhad Curlew’ 
‘Upland Sandpiper’ 
‘Spotted Sandplpar’ 
‘Solitary Sandpiper’ 
‘Wanderiw~ Tattler 

(Vanallua vanallua) 
(Charndrius hiaticula) 
(Charadriua aaaipalmatua 1 ’ 
(Charadrius maloduu 1 

(Charadrtus alexandtinus 1 
(Charadrius wilaorria) 
(Charadriua voctf aru8 I 
(Charadriue l ontrnue ) 

(Pluvialis domlnioa) 
(Pluvialis aquatarola) 
(Aphrita virgata) 

(Aranaria intarprarr 1 
(Aranaria aelanocaphala) 

(Scolopax minor1 
(Gallinayo yallinagol 
(Numanlurr americanua) . 
(Numaniue pheaopua 1 
(tlureniur, tahitieneisl 
(Bartramia lonqicauda) 
(Actitirr aacularia) 
(Trtnga ealttaria) 
(Ilatti~-usce lua incanue 1 



213 WILL 
214 GRYE 
215 L&YE 
216 REKN 
217 PUSA 
218 ROSA 
219 SliSA 

220 PESA 
221 URSA 
222 BhSA 
223 LESA 
224 CUSA 

225 DUNL 
226 SBOO 
227 LBDO 
228 STSA 
229 SESA 
230 UESA 
231 BB6A 

232 HAG0 
233 ETGO 
234 HUGO 

23s DKCO 
236 RUFF 
237 SAND 

UHSA 

‘Willet’ 
‘Greater Yailowteqs’ 
‘Lasaer Yellowlegs’ 
‘Red Knot’ 
‘Purple Sandpiper’ 
’ Rock Sandpiper ’ 
‘Sharp-tailed Sandpiper’ 
‘Pectoral Sandpiper’ 
’ White-rumped Sandpiper ’ 
‘Balrd’a Sandplpar' 
‘Least Bandpiper’ 
‘Curlew Sandpiper’ 
‘Dunlin’ 
‘Short-billed Oowi tchar' 
‘Long-billed Dowltclrer’ 
‘Stilt Sandpiper’ 
‘Saaipalaated Sandpiper’ 
‘Western Sandpiper 
‘Buff-breasted Sandpiper’ 
‘Harbled Godwit’ 
‘8ar-tailed Goduit' 
‘iludaonian Godw i t ’ 

‘Black-tailed Godwit’ 

‘Ruff’ b 
‘Sanderling’ 
‘Unidantlfled Sandpiper’ 

AVOCET, STILT 

238 AtlAV ‘American Avocet’ 
239 BRST ‘0lack-necked St1 It' 

PIIALAROPES 

(Recurvirostra americana) 
(lltmantopus maxicanua f 

240 REM ‘Red Phalaropa’ 
241 WlPil ‘Wilson’s PJlaiarope’ 
242 RDPll ’ ‘Red-necked Phalaropa’ 

JAEGERS, SKUAS 

(Phalaropua fulioarla) 
(Phalaropue tricolor) 
(Phalaropus loba tus ) 

243 POJA ‘Pomerina Jaeger’ (Stercorarius pomarinua~ 

244 PAJA ‘Parasitic Jaeger’ (Stercorarlus parasiticus) 
245 LTJA ‘Long-tailed Jaeger’ (Stercorarlua lonytcaudua) 
246 GRSK ‘Great’ Skua’ (Catharacta skua) 
247 SPSK “South Polar Skua’ (Catharacta maccormicki) 

GULLS, TERNS 

248 GLGU ‘Glaucous Gull’ 
249 ICOU ‘lce1anh Gull’ 
250 KUGU ‘Kunlien’e Gull' 
251 GWGU ‘Olaucoua-Winged Gull’ 
252 GBBC ‘Great Black-backed Gull’ 

. . . 

(Larus hyperboraua) 
(Lgrua glaucoidea) 

(Larus ylaucoldaa kumlieni 1 
( Larua ylauceacena 1 
( Larua mar inue 1 

. a. ,a . 

f Ca toptraphorus seaipaloatus 1 

(Trin?ja aalanoleucal 
(Trfrqa f lavipea) 
(Calidria oanutua) 
(Calfdria l aritiaa) 
(Calidria ptilocnenis) 
(Caiidris acuminata) 

(Calidria l elanotoa) 
(Calldria fuscicoilia) 
(CaliJria bairdiil 
(Calidria alnutilla) 
(Calldrfs ferruqlnea) 
(Calidria alpina) 
(Llnnodroaus grlaeua 1 . 
(Limnodroaua acolopaceua) 
(Calldria himantopua~ 
(CaLlhis pusilla) 
(Celidrirr aauri) 
(Tryngites aubruficoillal 
(Linosa fsdoa) 
(Liaoaa lapponlca) 
( IA aosa haemae t ica 1 
(Limosa limosa) 
(Phi lomachua pugnax 1 
(Calidrie alba) 



254 LBBO 
255 IIEGU 
256 TlIGU 
257 CAGU 
25B RBGU 
259 tlECU 
260 Clil10 
261 LAGU 
262 FKG’U 

263 BOOU 
264 LIGU 
265 HtfGU 
266 IVGU 
267 OLKl 

268 KLKI 
269 ROGU 
2’10 SAGU 
271 CUTE 
272 FOTE 
273 COTE 
274 AHTE 
275 KSTE 
276 ALTE 
277 SOTE 
2.18 BH’TE 
2’19 IXTE 
2BO KOTE 
2Ul ELTL’ 
202 SATE 
203 CATE 
204 BLTE 
2U5 WWBT 
2tl6 BRtiO 
2~7 BLNO 
268 IIYTE 

UNOU 

SKIHHER 

289 BLSK 

ALCIDS 

290 RA20 

291 COHU 
2Y2 TBHU 
293 DOVE 

294 BLCU 
295 HAGU 
296 PIGU 
297 tfhHU 
2YB KltlU 
299 XhtlU 
300 CKHU 

‘Leaaer Black-backed Gull’ 
‘Herring Gull.’ 
‘Thayer’a Gull’ 
‘CeliLornia Qull’ 
‘Ring-billed Guil’ 
wibi Gull’ 
'Common Black-headed Gull’ 

’ Laughiny tiu 11’ 
‘Frrnklin’a Gull’ 
‘Boneparte’a Gull’ 
‘Little Qull’ 
‘Jleernanfl’8 au11 * 
‘Ivory Gull’ 
‘Black-leyyed Kittiuake’ 

‘Ked-legged Kittluake’ 
‘Roes’ Cull’ 
‘Sabine’cr Qull’ 
‘Gull-billed Tern’ 
‘Forater’e Tern’ 
‘Cqamon Tern’ 
’ Arctio Tern’ 
‘Roeeate Tern’ 
‘Aleutian Tern’ 
‘Sooty Tern’ 

‘Bridled Tern’ 
’ Leae t Teru ’ 
‘Koyal Tern’ 
‘Elegant Tern’ 
‘Sandwich Tarn’ 
‘Caepian TML-3’ 
‘Black Tern’ 
‘White-uinqed Black Tern’ 
’ Urown Noddy ’ 
‘Black Noddy’ 
‘Itybrld Tercl’ 
‘Unidentified Gull/Tern’ 

‘Dlaok Skimmer’ 

‘Razorbill’ 
‘Common nurre’ 
‘Thick-billed Murre’ 
‘Dovekie’ 

‘Blrak Oulllemot’ 
‘Handt’a Ouillerot 
‘Pigeon Quillesot’ 
‘Harbled Hurrelet’ 
‘Klttlitt’n Hurrelut’ 
‘Xantus’ Hurrelet’ 
‘Craveri’a tiurrelet’ 

(Laruaq fusouel 
(Laruv aryelrtatua 1 
(Larus thayeri 1 
(Larurr caAi Cornioue 1 
(Larus delawarenaio) 
t Larue canu8 1 
(Lurus ridilundual . 
(Larurr atrio1lla) 
(Larus pipixoerr 1 
(Larus plriladelphia) 
(Larurr ~inuturrl 

(Lame heermanni 1 

(Pagophi la aburaea 1 
(Kiaxa tridactyla) 
(Hirea Lrevlroatrisl 
(Khodoetethia roser) 
t Xera rribini ) 
(Sterna nilotica) 
(Sterna rorsteri 1 
(Sterna hirundo) 
(Sterna paradiseaa) 
(Sterna douyallii) 
(Sterna aleutiaa) 
(Sterna fuecata) 
(Sterna alraeLhetu8 1 
(Sterna antillarua) 
(Sternn maxlao) 
(Sterna elegam) 
(Sterna eaudvicensis) 
(Sterna caepia) 
(Chlldoniaa niger) 
(Chlldoniae leucopterue) 
(Arroue vtolidue) 
(Anoun uinutua) 
(titerna 49~~) 

(Rynclrope niyer) 

(Aloa torda) 

(Uris aalye) 
(Uris loavia) 
(Alle alle) 
(Cepphucr grylle) 
(Cupplrun grylle randti) 

(Cepphua coluaba I 
(brachyramphus marmoratug) 
(Urachyrauphua &revlroatria) 
(Synthliborarphurr hypoleucus) 
~Syntlbl.llararptrus crtrveri) 



301 AllHU ‘hnaient Hurrelet’ 

302 CAAU ‘Caatiin’a Auklet’ 

303 PAAU ‘Parakeet huklet’ 
304 CKAU ‘Created huklet’ 
30s LEAU ‘Least huklet’ 
306 WllhU ‘Whiskered Auklet’ 
307 RllhU ‘Khinooeros Auklet’ 

300 ATPU ‘htlantio Puffin’ 
309 IIOPU ‘Horned Puff in’ 

310 TUPU ‘Tufted Puffin’ 

PIGEONS, DOVES 

311 YCPI 
312 L\TPI 
3L3 KliPI 
314 ZEDO 
315 WWDO 
316 tiOD0 
317 ROD0 
318 SPDO 
319 RTDO 
320 CGDO 
321 RGDO ,._ 
322 IHDO 
323 UT00 
324 KWQD 
325 KQW 

UNOO 

PARROT 

‘White-arownad Pigeon’ 
‘Band-tailed Pigeon’ 

‘Ked-billed Pigeon’ 
‘Zenaida Dove’ 
‘Wklte-winged Dove’ 

‘tlourning Dove’ 
'Rook Dove' 
‘Spotted Dove’ 
‘Rlnqed Turtle Dove’ 
‘Common Ground Dove’ 
‘Ruddy Ground Dove’ 
‘Inca Dove’ 
‘White-tipped Dove’ 
‘Key Weat Quail Dove’ 
‘Ruddy Ouatl Dove’ 
‘Unldenttfled Dove 

326 CWPA ‘Canary-winged Parakeet’ 

CUCKOOS, ROADRUNNER, AHIS 

327 HACU ‘tlangrove Cuckoo’ 
320 YBCU ‘Yellow-billed Cuckoo’ 
329 BBCU ‘alaok-blllad Cuokoo’ 

330 GRRO ‘Oreater Roodrunner’ 
331 SBAN ‘Smooth-billed Ant’ 
332 tilihtI ‘Groove-billad hni’ 

BARN OWi 

333 CDOW ‘Cormon Barn Ow 1’ 

TYPICAL OWLS 

334 ESOY 
33s wson 
336 WIIOW 

. 337 t-LOU 
330 UllOW 

’ Eae tern Soreech-Owl ’ 
‘Weetern Screech-Owl’ 
’ Whiekrrred Ou 1’ 
'FlbWUlbted owl' 

‘Orent Horned Owl’ 

(Synthliboramphua antiquus) 
(Ptyclrorampk8a aleutlcuu) 
(Cyolorrtrynchue peittacuial 
(hetlrib orietatellal 
(hethia puelllrl 
(hethia pygmaea 1 
(Cerorhinca eonooerata) 

(Frateroula crrotica) 
(Fraterculr corniculata) 
(Fratercula oirrbatal 

(Colurba leuoooephala) 
(Columba faeaiatnl 
(Columba fl8viroetrisl 
(Zenaida aurita tenaida) 
(Ztunalda arriatioa) 
(Zenaida moorourrl 
(Coluoba llvia) 
(Streptppelia ohinenalel 

(Streptopalla rhorial 
(Columbina pacleerina) 
(Colusblna talpacoti) 
(Columbine Inca) 
(Ltlptotlla verreauxi) 
(Oreopelela ohrynla) 
(Oreopeleiu rontana montana) 

(Brotogeria versiaolurual 

(Coccyrus minor) 
(Cocoytus arerlcanua) 

-(Coooyrua erythroptlralaue) 
~Geococoyx californianue) 
(Crotophaga ant 1 
(Crotophega auloiraetris 1 

(qt0 alba) 

(Otuu a6101 
(Otu~ kennicottii) 
totue trichopai8~ 
(Oturr Clammeoius) 

(Dubo v!rcrtnlarrug) 



339 SHOY 
340 NllOY 
341 NPOW 
342 FPOY 
343 ELOW 
344 BUOW 
345 BDOY 
3.46 SPOW 
347 CGOW 
340 LEOY 
349 SEW 
350 BOOY 
351 ttswo 

UNOW 

GOATSUCKERS 

JS2 CWWI 
353 WPWI 
354 CPWI 
355 COPA 
356 CON1 
357 LENI 

UflGO 

SW I FTS 

350 DLSW 
359 CIISW 
360 VASW 
361 WTSW 

362 LUWJ 
363 HTIIU 
364 BCIIU 
365 COllU 
366 ANllU 
367 DHHU 
368 RUIlU 
369 ALIIU 
370 CAIIU 
371 HIHU 
372 BUIIU 
373 BFIIU 
374 BDHU 

UNIIU 

TROUON 

‘Snouy Owl’ 
’ tlotthern Hawk-On 1’ 

’ Northern Pyqay-Owl ’ 
‘Feruqinous Pygmy-Owl 
‘Elf Owl’ 
* Burrowing Owl * 
‘Barred Owl’ 
‘Spotted Owl’ 
‘Qreat Gray 0~1’ 
‘Lonq-eered Owl’ 
‘Short-eared Owl’ 
‘8oreel Owl’ 
‘Northern Sew-whet Owl’ 
‘Unideutifiad Owl’ 

‘Chuck-rlll’s-widow’ 
‘Whip-poor-will’ 
‘Common Pcor-will’ 
‘Common Pauraque’ 
‘Comman Nighthawk 
‘Leaser Nighthawk 
‘Unidentified Coatsucker’ 

‘Black Swift’ 
‘Chimney Swift’ 
‘Veux’a Safft’ 
‘White-throated Swift’ 

‘Luoifer liumminqbi rd’ 
‘Ruby-throated Ilummlnqbird’ 

‘Black-ohlnned llumninqbird’ 
‘Costa’s I!umminqbird’ 
‘Anna’e Ilummlnqbird’ 
‘Uroad-tailed Ilummfnqbird’ 

‘Rufous Itumainqblrd’ 
‘Allen’s Ilumminqbird’ 
‘Calliope Ilumminqbird 
‘HLvoll’e Ilumminybird’ 
‘Blue-throated Ilummfnqblrd’ 
‘Buff-bellied IlumoLnqbird’ 
‘Broad-billed llummlnqbird’ 
‘Unidontlf ied Humminqbird’ 

1Nyctea acandiaca) 
(Surnia ululaJ 
(Ulsuoidlur qnoral 
1OLauoidiur braaillanum) 
(Jllcrothene whltneyi) 
1Athene cunicularieJ 
1Strfx varia) 
1Strix ocoldentalie) 
1Strix nebuioea) 
(Aeio otus) 
lAsi0 flarneusJ 
(Aeqolis funereue) 
(Aeqollua acadicua) 

1Caprlmulqus carollnenaisJ 
(Capriawiqus vooif erua J 
(Pheleenoptilua nuttallii) 

( 

1Nyctidromus albicollia J . 
(Clrordeilea olnor J 
(Chordeilee acutipennia J , 

lCypaeloldea niqerJ 
(Chaetura pelagica) 
(Chaetura vauxi J 
(Aeronaotes eaxatalls) 

1Calothorax lucifer) 
(Arohilochus colubria) 
1Archilochue alexandri 1 
1Calypte coataeJ 
(Calypte anna) 
(Selasphorua platycercue J 
1Selaephorua rufue J 
(Ssleeptrorue 888 in 1 
1Steilula calliope) 
1 Euyenee f ulyene J 
(Lampornie olemenciae) 
1Aaarilia yucatanenele) 
1Cynen~hua la tiroatie J 



KINGFISHERS 

376 BEKI 
377 HIKI 
378 GNKI l 

YOODPECKERS 

379 NOFL 
380 PIYO 
381 RBWO 

382 GFYO 
383 QIYO 
384 RilWO 
30s ACYO 
3U6 LEYO 
307 YEA 
308 RBSA 
309 UlSA 
390 NAY0 
391 DOW0 

392 I.BUO 
393 NUUO . 
394 ARUO 
39s RCUO 
396 WNUO 
397 uuwo 
398 TTY0 
399 IBWO 

UNUO 

COTINUA 

400 RTEE ‘Rose-throated Becard 

‘0elted Klnqfiaher’ 
‘Hinged Kingfisher’ 
’ Ureen Klnqf iaher ’ 

‘Northern Flicker’ 
‘Pileated Yoodpeoker’ 

‘Red-bellied Uoodpecker’ 
‘Golden-fronted Uoodpecker’ 
*Gih Uoodpecker' 
‘Red-headed Uaodpeoker' 
‘Acorn Uoodpecker’ 
'Leui~' Woodpecker' 
'Yellow-bellied Sapsucker’ 
‘Red-breaatctii Sapsucker’ 
‘Williamson’s Sapauckar’ 
'Hairy Woodpecker' 
‘Downy Woodpecker’ 

'Ladder-backed Yoodpeaker' 
‘Nuttall’s Uoodpecker' 
‘Aritona Woodpecker’ 
‘Red-cockaded Woodpecker’ 

‘Whita-headed Woodpecker’ 
‘black-tucked Woodpecker’ 

‘Three- toed Woodpecker ’ 
'Ivory-billed Woodpecker' 
‘Unidentlfled Woodpecker’ 

TYRANT FLYCATCHER9 

401 EAKI ‘Eastern Ktnqblrd’ 
402 CRKI ‘Gray Klnqblrd’ 
403 ‘I’RKI ‘Tropical Kingbird’ 

404 WEKI ‘Weatern Kinqblrd’ 
405 CAKI ‘Caaein’s Klngblrd’ 

406 TUKI ‘Thick-billed Kinqblrd’ 
407 FTFL ‘Fork-tailed Flycatcher 
408 STFL 'Soloaor-talled Flycatcher' 
409 KIFL 'Greeter Klakedee’ 
410 SBFL 'Sulfur-bellled Flyaatcher 
411 GCFL --. ‘Oreat Created Flycatcher 
412 UCFL ‘Brown Crested Flycatcher’ 
413 ATFL ‘Ash-throated Flycatcher’ 
414 IXFL ‘Dusky-capped Flycatcher' 
415 EAPII ‘Eastern Phoebe’ 
416 bLPl! ‘6lack Phoebe’ 

(Ceryle eloyonl 
(Ceryle torquata) 
(Chlorocery le americana 1 

(Colaptea auratue) 
(Dryocopue plleatue) 
(Helmetpea aarolinus) 
(Helanerpea aurlfrone) 
(tielanerpea uropyqialia) * 
(Helmcrrpea cry throcephalua 1. 
(tielanerpei formioivorus) 
tlieirnerpue leuiel 
(Sphyrrpicue variue) 
(Sphyroptcua ruber 1 
(Sphyraplaus thyroideua 1 
CPicoidea villoeue) 
t Piooides pubeaoene 1 

(Piooides dcalatial 
(Picaidea nuttallfi) 
(Picoidecr etricklandi) 
(Picoidee Lorealia 1 
(Plooidee aibolarvatue) 
(Plcoides arctue) 
(Picoidee tridactylus) 
(Campephllus principalis) 

(Pachyrampitus aqlaiae) 

(Tyrannus tyrannue) 

(Tyrannus doainlcensis 1 
(Tyrannue mela~rchollcue~l 
(Tyrannue verticalla) 
(Tyrannurr vootferana) 
(Tyrannua oraealroutri8l 
(Tyrannun eavana) 
(Tyr8nnur f orf ioatusl 
(Plranqurr sulphuretus1 
(tlyiodynaates lutelventria) 
(tiyiarchun crinitua) 
(Hy iarchus tyrannulus 1 
(tiyiarchue clnerascene) 
(flyiarchurr tuberculifer) * 
(Sayoraia phoebe) 
(Sayornia niqrioana) 

w 



417 SAPI! 
4ia YBFL 
419 ACFL 
420 WIFL 
421 ALFL 
422 LEFL 
423 IIAFL 
424 DUFL 
425 GKFL 
426 UEFL 
427 BBFL 

EHfL 
428 COFL 
429 EUPE 
430 UWPE 
431 OSFL 
432 VEFL 
433 NBTY 
434 UfIFL 

‘Say ‘a Phoebe’ (Seyornia aaya) 

‘Yellow-bellied Flycatcher' (Eopidonax Llavlvantrls) 

'Acadian Flyoatotrer' (Eapldonqix viresoene) 

'Willau Flyoatoher' (Eopidonax trailil) 

’ Alder Flyca toher ’ (Empidonox olnorum) 

'Least Flycatcher’ (Empidonax l Inlouo> 

'Ilammond'e Flyoatcher’ (Empidonax hameondii~ 

'Dusky Flycatcher' (Empldonax oberholaeri) 
‘Gray flyoatoher’ (Empldonax uriqbtii) 
‘Yeetern Flyaotcher’ (Erpidonax dlfflciliel 
'Buf f-breaeted Flyoatoher' (Empidouex fulvifronel 

‘Unidentified Eepidanax flyoatoher' 
a Couee ’ Fl yea tcher ’ (Contopua pertinex) 

’ Eae tern Uood-Pawee’ (Cantopun virensl 

*Yea tern Mood-Pewee' (Contopua eordidulua) 
‘Olive-aided 'Flycatoher' (Contopua boreall8) 

‘Vermilllon Flycatcher’ (Pyrocephalua rubinus) 
‘Northern Beardleas Tyrannulet'(Caeptoetoma imberbe) 
'Unidentified Flyoatcher' 

LARKS 

435 EUSK 'Eurasian Skylark' 
436 IlOLA 'Ilorned Lark' 

SWALLOWS 

437 VGSU 
438 THSY 
439 BKSU 
440 NRWS 
441 BASY 

442 CLSU 
443 CASW 
444 PUHA 

UNSW 

'Violet-green Swallow' (Taohycineta ttralaseinal 
'Tree Swallow' (Tachycineta tAoolor 1 
'Bank Swallow’ (Wiparia riparia) 
'Northern Rough-winged Swallow'(Stelqidopteryx eerripennie~ 
‘Barn Swallow' ~llirundo ruerlca) 
'Cllff Swallow’ (fllrundo pyrrhorrota 1 
‘Cave Suallow’ (Illrundo fulva) 
‘Purple tlartln’ (Proyue aubia 1 
‘Unidentified Swallow’ 

i 
(Alauda arvensia) 
(Ereeophila alpeetrial 

JAYS, HAGPIES, CROWS 

445 GRJA 
446 BLJA 
447 STJA 

448 SCJA 
449 GBJA 
450 GEJA 
4s~ UunA 

452 YUtlA 

453 COHA 
454 CllHA 
45s Ancn 
456 NOCR 

45'1 FlCll 

UNCH 
4SU L'lJb 

'Gray Jay’ 
'Blue Jay' 
'Steller'a Jay' 
'Sorub Jay 
‘Gray-breaated Jay’ 
‘Green Jay' 
'Black-billed Haqpie' 
'Yellow-Lllled Megpie' 
‘Comaon Raven’ 
‘Chihuahua Raven’ 
‘American Crow’ 
'Northwestern Crow' 
'Fish Crow'. 
'Unidentifieci Crow' 
'Plnyon Jay' 

(Perlaoreua canadeneie) 
(Cyanocitta crlatata) 
(Cyenocitta'etelleri) 
(Aphelocoma coerulaacens) 
tAphalocornu ultrasarfnal 
(Cyanooorax yncan) 
(Pica pica) 
(Pica huttalli) 
(Corvus oorax 1 
(Corvus aryptoleuous~ ’ 
(Corvun brachyrhynohos 1 
(Corvus caurirws J 
(Corvus oeslfraqus) 

(Gysnorhinua cyenocept~nlua~ 



459 CLNU ‘Clark’e Nutaracker’ 

TITMICE, VERDIN, BUSIITIT 

460 DCCH 
461 CACll 
462 IiECll 
463 HOC11 
464 SIT1 
465 1lOCll 
466 CBCU 
467 TUT1 
468 BCTI 
469 L’LTI 
470 BHTI 
471 VERD 
472 UUSH 

NUTIIATCIIES 

473 WBNU 

474 RUNU 
475 MINU 

476 PYNU ._ .t..- 

CREEPER 

477 DRCR 

WRENTXT 

478 WREN 

IluLnuL 

479 RWBU 

DIPPER 

400 AtIDI 

WRENS 

481 IIOYR 
402 WlWll 
4u3 l.iEWH 
4u4 CAWH 

-485 CTWH 

‘Black-capped Chickadee’ 
‘Carolina Cbiakadee’ 
‘Mexican Chickadee’ 
‘llountain Chickadee’ 
‘Siberian Tit’ 
‘Boreal Chiakadee’ 
‘Chestnut-backed Chickadee’ 
‘Tufted T1trrw.w 
‘Hlack-areated Titmouse’ 
‘Plain Titmouee’ 
‘Bridled Titmouse’ 
‘Verdin’ 
‘Buahtit’ 

‘White-breasted Nuthatch’ 
‘Red-breaeted Nuthatch 

’ Brown-headed Nu the tctr ’ 
’ Pygmy Nu the tch’ 

‘Drawn Creeper’ 

‘Wrentit’ 

‘Red-whiskered Bulbul’ 

‘American Dipper’ 

‘Iloune Wren’ 

‘Winter Wren’ 
‘tieuiak’n Wren’ 
‘Carolina Wren’ 
‘Cactus Yren’ 
‘Mareli Wren’ : 
‘Sedge Wren’ 
‘Canyan Wren’ 
‘Hock Wren’ 

, ‘Unidentlflad Wren’ 

(Nuaifraqa columbiana) 

(Parue atriaapillus~ 
(Parue oarolinenais 1 
(Parue salateri) 
(Parus yambell) 
(Parue cinatual 

(Parue hudaaniauol 
(Parua rufeecen8) 
(Parus bicalor 1 
Tufted race 
( Parue inarnatus I 
(Parua wollweberil 
(Auriparua flaviaeps) 
(Paaltripatus cinimue) 

(Sitta aarolinensie) 
(Sltta canadenaial 
(Sltta pueilla~ 
(Sltta pyyalaea) 

(Certhia nmericans) 

(Chamaea fasciata) 

(Pyanonotue joaosua) 

(Cinclue mexicanus) 

(Troglodyte6 aedon) 
(Troglodytes troglodyteal 
(Ytrryorar~eu bewickil I 
(Thryothorus ludovicianuo) 
(Caopylorhynchus brunneicapillus) 
(Clatothorue paluotria) 
(Ciatothorua plateneie I 
(Catherpee mexiaanue 1 
(Salpinctas abaaletue) 



HOCK I NOB IRDS , TllRAS11ERS 

490 lion0 
491 CRCA 
492 BRTB 
493 LBTB 
494 CWTII 
49s BET11 
496 CBTB 
497 CAT11 
498 LCTB 
499 cm1 
500 SAT11 

UNT’H 

TllRUSi1ES 

SO1 AHRO 
502 flEL 
503 CCRO 
SO4 Vh’i’ll 

. 505 YOTlf 
SO6 BET11 
SO7 SYTB 
508 GCTH 
SO9 VEER 
510 EABL 

511 WEBL 
512 HOBL 
si3 EnBL 
514 NOWN 
51s BLUE 
516 TOSO 

UNTU 

‘Northern Hockingbird’ 
‘Oray Catbi,rd’ 
*Brown. Thrasher’ 
*Long-billed Thrasher’ 
‘Gray Thrasher’ 
‘Bendire’s T;.rasher’ 
‘Curve-billed Thraaher’ 
‘California Thrasher 
* LaConte’ a Thrasher’ 
‘Crissal Thrasher’ 
‘Sage Thraaher’ 
‘Unidentified Thrasher’ 

(nimus polyglottua~ 
(Dumetella carolinenaial 
(Toxostoma rufuml 
(Toxoatoea longirastre) 
(Toxoetoma ainereumh 
(Toxos~foma bendirei) 
(Toxostora curvirostrel 
(Toxostoma redivivuml 
(Toxosto~a leoontei~ 
(Toxastoma doraale) 
(Oreoaaoptes oontanusl 

. 

‘Amerlaan Robin’ (Turdus l iqratoriua~ 
’ Fleldfare’ (Turdus pllarin) 
‘Clay-colored Robin’ (Turdus yrayi) 
‘Varied Thrush’ .( Ixoreus traevius) 
‘Wood Thrush’ ~Ilyloaichla l uetelina) 
‘llermi t Thrualr’ (Catharus yuttatus~ 
‘Suainson’a Thrush’ (Catharue uatulatus) 
‘Gray-aheeked Thruab (Catbarus oiniauel 
‘Vaery’ (Catharus tuacesuens) 
‘Eastern Bluebird’ LSislia sialls) 
‘Western Bluebird’ (Slalia mexicanal 
‘tlountain Bluebird’ (Sialia curruaoides) 
‘Eastern/Hountain Bluab.Ilybrid’(Ylalia sppl 
‘Northern Wheatear’ (Oerran’the oenanthe) 
‘Bluethroat’ (Luvcinia svecica) 
‘Taunsend’s Solitaire’ (Hyadeetes townsbndi) 
‘Unidentif led Thrush 

OLD WORLD UARBLERS, ONATCATCIIERS, KINOLETS 

517 ARVA 
516 QCG’N 
519 BCCN 
520 UTGN 

UNCN 
521 GCKI 
522 RCKI 

‘Arctia Warbler’ 
‘Blue-gray Cinataatcher’ 
‘Black-capped Gnatcatcher 
‘Black-tailed tinatcatcher’ 
‘Unidentlfled titratcatclrer” 
‘Golden-crowned K lng let’ 

‘Ruby-crowned Klnqlut’ 

(Phylloecopue borealis) 
(Poliopcila caerulea) 
(PO1 lopti la nigricepe 1 
(Poliaptila. melanura) 

(Regulus datrapa) 
(Itec~uiue catendula) 

WAGTAILS, PIPITS 

523 WllWA ‘White Wagtail’ (Hotacilla albal 
524 YLWA b ‘Yellow Wagtail’ (Hotacilla flava) 
525 WAl’I ‘Water Piplt’ (Anthus apinoletta) 
526 HTPI ‘Red-throated Plpit’ (Anthus cerv irrus 1 
52’/ SI’PI ‘Sprague’s Illpit’ ( An~huu Ypraguai 1) 



520 BOUA ‘Bohemian Uaming’ 
* 529 CEUA ‘Cedar Uaxuing’ 

SILKY FLirSATSllER 

530 PNAI 

SltR I KEE 

531 NRSll 
532 LOS11 

STARLXNG 

533 EUST 

VIREOS 

534 BSVI 
535 UEVI 

*.\ 536 IWJI 
537 BEVI 
538 GRVI 
539 YTVI 
540 SOVI 
541 BWVI 
542 HEVI 
543 YGVI 
544 PllVI 
545 WAVI 

UNV I 

WOOD WARBLERS 

546 BAUU 
547 POUA 

540 SUUA 
549 WEUA 
550 GWUh 

SSl &WA 
552 BRYA 
553 LAUA 

554 BAWA 
555 TWA 
556 OCYA 

557 NAUA 

55e VIWA 
559 CLUA 
560 LUYA 

561 NOPA 
562 TRPA 

*Phainopep\e’ 

’ Northern Shrike’ 
’ Loggerhead Shrike’ 

‘European Starling’ 

‘Black-oapped Vlreo’ 
‘White-eyt3d Vireo’ 
‘Nutton’ Vlreo’ 
‘Bell’8 Vireo’ 
‘Gray Vireo’ 
‘Yellow-tlrroated Vireo’ 
‘Solitary Vlreo’ 
‘Blaok-whiskered Vireo’ 
‘Red-eyed Vireo’ 
‘Yellow-green Vireo’ 
‘Philadelphia Vireo’ 
‘Warbling Vlreo‘ 
‘Unidentified Vireo’ 

‘Black-and-white Warbler’ 
‘Prothonotary Warbler’ 
‘Swainaon’a Warbler’ 
‘Warm-eating Warbler’ 
‘GoLden-rinyed Warbler’ 
‘Blue-winged Warbler’ 
‘Breuater’a Warbler’ 
‘Lawrence’8 Warbler’ 
‘Bachman’~ Warbler’ 
‘Tenneeeee Yarbler’ 
‘Orange-crowned Warbler’ 
‘Nashville Uarbler’ 
‘Virginia’e Warbler’ 
‘Solima Warbler’ 
‘Luay’n Uarblar’ 
*Northern Parula’ 
‘Tropical 1’arul.a’ 

(Bombycilla garruluel 
tBooByaiila attdrorum) 

(Phainopepla nitens) 

(Laniue exoubitor) 
(Laniua ludovicianue~ 

(Sturnua vulgar181 

(Vireo atricapillual 
(Vireo yriueua) 
(Vireo huttoni) 
(Viroo bellii) 
(VIA-e0 vicinior) 
(Vlreo flavifrone) 
(Vlreo aolitariual 
(Vireo aitiloquua) 
(Vireo ollvaceua) 
(Vlreo olivaceua flavoviridia) 
(Vlreo philadelphioun) 
(Vireo gilvual 

(llniotilta varia) 
(Protonotaria uitrea) 
(Lianothlypia ewalneonii 1 
(llulmitheroa vermivorue 1 
(Vermivora chryooptera) 
(Vefoivora pinuv) 
Golden-winged/Blus-winged hybrid 
Golden-wlnqud/Blue-uinyed Hybrid 
( Veralvora backrrani 11 
(Vermlvora peregrina) 
(Veroivora cekatol 
(Vermivora ruficapillal 
(Ver8ivora vlrginlae) 
(Vermivora criaealial 
(V8rxllvorr IUCAUr)~ 
(Perulo aaericana) 
(Parula pitinyuri) 

- 



563 OLWA 
564 YEUA 
565 HAWA 
566 CnuA 
567 BTBU 
560 YHUA 

- 569 UCUA 
570 TOUA 
571 BTGY 
572 OCYA 
573 lIEUA 
574 CHUA 
575 BLUA 
576 YTUA 
577 SUYA 

578 GHYA 
579 CSUA 
580 BBYA 
581 BPYA 
582 PIUA 
583 KIUA 
504 PRUA 
585 PAYA 
586 OVEN 
5B7 NOWA 
SUB LOUA 
Se’) KEUA 
590 COWA 
591 IIOWA 
592 HGUA 
593 COYE 
594 GRCfI 
595 YBCII 
596 RFWA 
597 HOWA 
598 WIUA 
599 CAUA 
600 AWE 
601 PARE 

UNWA 

‘Olive Warbler’ 
‘Yellow Warbler’ 
‘Hagnolia Warbler’ 
‘Cape llay Warbler’ 
‘Black-throated Ulue Warbler’ 
‘Yellou-rumped Warbler’ 
‘Black-throated Gray Warbler’ 
‘Tounaend’a Yarbler’ 
‘Black-throated Green Warbler’ 
‘Golden-cheeked Warbler’ 
‘Her81 t Warbler ’ 
‘Cerulean Uarbler# 
‘Blackburnian Warbler’ 
‘Yellow-thr,oated Uorblar’ 
‘Sutton’s Warbler’ 
*Grace’% Yarbler’ 
‘Cheetnut-aided Warbler’ 
‘Bay-breaeted Uarbler’ 
‘Blackpoll Yarbler’ 
‘Pine Yarbler’ 
‘Kirtland’a Uarbler’ 
‘Prairie Yarbler’ 
‘Palr Warbler’ 
‘Ovenbird’ 
‘Northern Uaterthruah’ 
‘Louisiana Waterttrruah’ 
‘Kentucky Warbler’ 
‘Connecticut Warbler’ 
‘nourning Warbler’ 
‘HacGillivray’a Warbler’ 
‘Common Yellowthroat‘ 
‘Ground Chat ’ 
‘Yellow-breaated Chat’ 
‘Red-faced Yarbler’ 
‘lloodecl Warbler’ 
‘Ulllron’tr Warbler’ 
‘Canada Warbler’ 
‘Aoerican Reciatart’ 
* Painted Rede tart * 
‘Unidentified Warbler’ 

WEAVER FIHCIIES 

602 IiOSP ‘Nouae Sparrow’ 
603 ETSP ‘Eurasian ‘Tree Sparrow’ 

HEADOWLARKS, BLACXBIRD6, ORIOLES 

1Paaaer domesticus) 
(Paseer montanue) 

604 BOB0 ‘Bobolink’ (Do1 i&onyx orytivorue 1 
605 EAtlE ‘Eaatera tleadowlark’ 1Sturnalla magna) 
606 wine ‘Western tieadoulark’ (Sturnella Ireqleata) 
‘+:1’/ Y!!B!. ‘Yd?:,;- ..L.sJG r.aL..Y.*” J.” .’ I .IYIICI4”CC,llta*“O nO,,LJIUL;C)JIIdAlJJl J 
6OU HUBL ‘Hed-winged Ulackbird’ (Ayeiaiue phoeniceua) 
609 THBL ‘Tricolored Blackbird’ (Ageiaius tricolor) 

(Peucedrarue taeniatus) 
(DenJroica petrctria) 
(Dandtoica caynolia) ’ 
(Dendroiaa tlgrina) 

(Dendroica caeruleecena) 
(Dencfroica coroneta) 
1 Dwdrolca nigreacene ) 
(Dendroica townewdi 1 
( Dendroiaa v Irene 1 
(Dendroiaa chry8oparia) 
(Dendrolcir ocaldentalia) 
(Dendroioe oerulea) 
(Dendroioa PusoaJ 
1Dendroioe Jominiaa J 
1DendroFca potomao) 
(Dendrolca graaiae) 
(Deudroica penaylvanica) 
(Dcrndroica uau fanea 1 
(Dendroica etriatal 
(Dandroiaa pinuaJ 
(Dendroica kfrtlendiiJ 
(Dendroioa diecolor) 
(Dendroica palcparum) 
lSeiuru8 aurocapflluaJ 
(Seiurua noveboraceeiaJ 
1Suiururr uotaailla) 
lOpororni8 forooeua) 
1Oporornia agllie) 
(O~Jororl\i8 p~riladeApJriaJ 
1Oporarnle Colaiel J 
1Guotl~iyple triclraa) 
(Geothlypiti pollocephale) 
(IcLeria viren8) 
(Cardellina rubrifrone) 
(Wiluonia citrinal 
lYll8onia puelllal 
1Yilaorria canadeneie) 
(Setophaga rutlcilla) 
ltlyioborue pictuar) 

. 



610 OROR ‘Orchard Oriole' 
611 AUOR 'Audubon's Oriole' 
612 SOOR ‘Spotted-breamted Oriole’ 
613 STOR *Streak-backed Oriole' 
614 NOOK * llooded Oriole' 

. 615 ALOR 'Alteelra Oriole' 
616 SCOR 'Soott' OrioAe’ 
617 NOOR 'Northern Oriole' 

UNOR ‘Unidentified Oriole’ 
618 WUEL ‘Rusty Blackbird’ 
619 BRBL ‘Rrewet’a Blackbird’ 
620 CTGR ‘Great-tailed Grackle’ 

621 BTGR ‘Boat-tailed Graokls’ 
622 COGR ‘Comaon Graokle’ 

623 BIICO ‘Drown-headed Cowbird’. 
624 RRCO ‘8ronted Cowbird’ 
625 UNBL ‘Unidentified Blaokbird' 

TANAGERS 
. -,, 

626 WETA 

627 SCTA 
628 HETA 
629 SUTA 

UNTA 

GROSBEAKS, FIHCHES, SPARROYS, BUNTINGS 

“_ 

.630 NOCA 
631 PYRR 
632 RBGR 
633 EllGR 
634 RLGR 

UNGR 
635 INBU 
636 LABU 
637 VABU 
630 PABU 
639 DICK 
640 EVGR 

641 PUFI 
642 CAfI 
643 IIOFI 
644 RCSE 
64s PlGR 
646 ROFI 
647 EUGO 

648 IiORE 
- .a .-“..U 
650 PI61 
651 AttCO 

'Western Tanager' 
‘Saaciet Tanager' 
'Ilepatia Taneger' 
'Summer Tanager' 
‘Unidentified Tanager' 

'Northern Cerdinal' 
'Pyrchuloxia' 
'Hoee-lreaeted Grosbeak' 
'Black-headed Groebeek' 
‘Blue Grosbeak’ 

'Unidentified Ocoebeak’ 
’ Indigo Bunting’ 
'Lazuli Bunting' 
'Varied Bunting’ 

'Painted Bunting 
'Dlckaieael' 
'Evening Groabeek' 
'Purple finch' 
'Casain'a finch' 
'Nouae Finch’ 
'White-collared 8eedeater' 
'Pine Grosbeak’ 
' Rosy Finch' 
'European iloldf inch' 
'Hoary Redpoll' 

rYWaI"II ,rsU)l"*r 
'Pine Glekio' 
’ Amer 1 cnn (In 1 cl F I nctr ’ 

(totecua epurius) 
t laterus yraduacauda) 
( Icterus peatoralis) 
(lcterue puatulatus) 
4 lotecua auaullatua) 
( Iotecua gularie 1 
(icterue parisorum) 
(laterurr yalbula) 

(Euphague carolinus) 
(Euphague cyanocephalua 1 
(Ouisaalus aexlaanus) 
~Quiaaalus major) 
(Qui8oalua quisaula) 
~holothcue ater) 
(Holothrus aeneua 1 

(Plcanga ludoviaiana) 
(Picetrga olivaceal 
(Piranga flava) 
(Picanga cubra) 

(Cacdinalie cardinalis) 
(Cardinal18 eirruatue) 

(Pheucticue luduvicianue I 
lPheucticue aelanocephaiue) 
(GuLcaca caerulen) 

(Paseerina cyaneel 
(Paeeec ina amoeoa 1 
(Paeeecina vereicoloc) 
(Paaeerlna airie 1 

(Spize emericana) 
(Coccothcaustee veepertinue) 
(Carpodacua pucpuceua) 
(Carpodacue caeeiniil 
(Carpodacue mexicanus) 
(Sporophila torqueola) 
(Pinioola enuoleatoc) 
(Leucosticte arctoa) ’ 
(Carduelia carduells) 
(Carduelia hocneaanni) 



. 

,$-rj LACTC A -//#cc 5 f&r+"1 L 

6 2-Y A.fcR /LH &dw 
655 WWCR *White-ringed Crossblll’ 

656 OLSP 'Olive Sparco*’ 

657 CTTO ‘Green-tailed Towhee 
658 RSTO ‘Rufoue-sided Towhee’ 
659 BRTO ’ Brow Towhee ’ 

660 ABTO ‘Abert’a Towhee’ 
661 LYBU ‘Lark Bunting’ 
662 SASP ‘Savannah Spwrov 
663 GRSP ‘Graeehopper Sparrow’ 
664 BDSP ‘Baird’% Eparron’ 
665 LCSP ‘LeConte’e Sparrow’ 
666 IIESP ‘llenaior’a Sparrow’ 

667 STSP ‘Sharp-tailed Sparrow ’ 
668 SESP ‘Seaside Sparrow’ 
669 VESP ‘Veeper Eparrow’ 
670 LASP ‘Lark 6parrow’ 
671 FSSP ‘Five-striped Sparrow’ 

672 RWSP ‘Rufous-winyed Sparrow’ 

673 RCSP ‘Rufous-arowned Sparrow’ 

674 BASP ‘3nchman’s Sp6rrou’ 
675 BOSP ‘Dotteri’m, Sparrow’ 
676 CASP ‘Caeein’e 6parfon’ 
6’17 BTSP ‘Black-throated Sparrow’ 
678 SGSP ’ ‘Sage Sparrow’ 
679 WJU ‘Dark-eyed Junco’ 

600 YEJU ‘Yellor-eyed Junco’ 
6Ul ATSP ’ American Tree Sparrow ’ 
6U2 CllSP ‘Chipping Sparrow’ 
603 CCSP *Clay-colored Sparrow’ 
604 BRSP ‘Brawer’e Eparrou’ 
685 FISP ‘Field Sparrow’ 
686 BCSP ‘Block-chinned Sparrow’ 
687 IMP ‘llarria Sparrow’ 
608 WCSP ‘MM te-crowned Sparrow’ 

609 GCSP ‘Golden-crowed Sparrow’ 
690 WSP ‘White-throated Spacrw’ 
691 FOSP ’ Fox Sparrow ’ 
692 LISP ‘Lincoln’8 Sparrow’ 
693 SWSP ‘Swaap Sparrow’ 
694 SOSP ‘Sonq Sparrow 
695 tICLO ‘tlcCovn’8 Lonqapur’ 
696 LALO * Lapland Lonqtrpur ’ 
697 SIILO ‘Sfnitlr’e Lonyepur’ 
690 CCL0 ‘Chestnut-collared Lonyepur’ 
699 GHBU ‘Snow Buntiny’ . 
700 HCBU ‘?loKay*a Bunting’ 
701 wise ‘Unidentified Sparrow’ 

,cc~Ae~,’ /,.ac.. c&J 
(L rr4c C*rVdicU i&J 
(Loxia leuooptera) 
(Arreaonopa rufivirgatua) 
(Pip110 chlorurue 1 
(Pipilo erythrophthalrue 1 
(PlpUo fuecue) 
(Pipilo ebertil 
(Calamoepiza aelanocurysl 
(Paseerculue eanduichensia~ 
(Aaaodramue eevrnnarum) 
(Ammudramue bairdill 

(Aaaodrerue leaonteii) 
(Anaodramus henelowfi 1 
(Ammodramua caudoautue) 

(Aorodramua l oritimuoJ 
(PooeFetee gramlneue) 
(Chondeetee graomocue 1 
(Ampirispira quiquestriataJ 
(Airophila carpali 
(Aimophlla ruf icepe) 
(AicophFla aeetivalis) 
(Ainoplrila botteriil 
(Aimophlla caeeinii) 
(Aaphieplta bilineata) 
( AmptriRpita bedi i ) 
i Jurrcu hyemalia 1 
(Junco phaeonotue J 

(Spitella arboreal 
(Spizella paeaerina) ’ 
(Splzella pellida) 
(Spizella breweri) 
(Splzella pueilla) 
(Spitella atrogularis) 
(Zonotrlchia querula 1 
(Zonotrichia leucoptrrys J * 

(Zonotrictria atricapille) 
(Zorrotrichia albicollie J 

(Paeserella iliaca) 
ttleloeplea lincolnli) 
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(Plectrophenax nivalie) 
(Plectropkenax hyperboreh J 
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STANDARDOPERATINGPROCEDURE 

Electroshocker Fish Sampling 

I. Purpose and Scope 
To provide a general guideline for conducting fish community surveys using electroshocking 
equipment. 

II. Equipment and Materials 
l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

Backpack electroshocker 
Boat-mounted electroshocker 
Seines 
Dip nets 
Personal protective equipment 
Measuring board 
Weighing equipment 
Coolers, ice, dry ice 
Water buckets 
Equipment operation manuals 
Gasoline 

Ill. Procedures and Guidelines 
1. Fish in the lagoon will be collected with a boat-mounted electrofishing unit. 

2. Sample intervals will consist of approximately 30 minutes of shocking .time or 
until no new fish species are collected in 10 minutes of shocking. Actual 
shocking time is to be recorded for each sample. 

3. Fish will be collected 

4. Information on species, size, location, and physical condition wiIl be recorded 
for each fish captured, with a long-handled dip net and placed in a live tank or 
bucket. Any physical abnormalities will be noted. 

5. Select fish (target species) of the size that would be retained by fishermen will 
be retained for tissue analysis. Target species of interest wiLl be species; such as 
White Sucker or Carp. These species feed on invertebrates associated with the 
bottom material, would most likely uptake contaminants of concern, and could 
be utilized as a food resource by higher vertebrates, including man. Where 
possible, those specimens that are about the same size (length and weight) will 
be retained. 
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6. Select fish (target species) will be retained for whole fish analysis. The target 
species will be those that are bottom feeders which would most likely uptake 
contaminants of concern, and could be used as a food resource by higher 
vertebrates. 

7. Sampling equipment, including the fish measuring board, will be 
decontaminated according to the procedures outlined in SOP 6 between 
samples. 

8. Information on habitat condition of the lagoon will be recorded, including 
water depth, substrate type, shoreline profile or vegetation and degree of 
shading. 

IV. Attachments 
None 

V. Key Checks 
. Follow recommended safety precautions in operating the fish electroshocking 

equipment. 

l Clean sample equipment between sample stations. 
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STANDARDOPERATINGPROCEDURE 

Fish Sample Collection Procedures 

I. Purpose and Scope 
To provide general guidelines on collecting, preserving, and shipping fish samples 
for chemical analysis. Fish samples will be collected using an electroshocker. 
Selected fish will be analyzed as whole fish or edible tissues for parameters of 
interest at the site. 

II. Equipment and Materials 

.- --. 

Ill. Procedures and Guidelines 

. . -._ 

Sample containers: teflon baggies, sample jars, aluminum foil 
Stainless steel knife 
Stainless steel tray, fillet board 
Personal protective equipment 
Coolers 
Dry ice 
Buckets 
Labels 
Masking tape 

After being collected, fish will be placed in a live-well or equivalent until they can be 
processed. Processing of fish includes identification, measuring weight and length, 
and determinin g if they will be retained for analysis. Fish retained for analysis will 
be killed by suffocation. 

, 

Fish will be collected for both whole fish and selected tissue analysis. Fish selected 
for tissue analysis will be evaluated using Attachment 1 to determine if the skin 
should be removed. The fish will be filleted according to the attached procedure. 
Wastes generated during filleting will be disposed of as potentially hazardous 
materials. Between each fillet, the sample handling equipment will be 
decontaminated according to SOP Decontamination of Personnel and Equipment. 

Samples for organics will be wrapped in aluminum foil with the shiny side out. The 
aluminum foil will be taped shut using masking tape. The samples for inorganic 
analysis will be sealed in a teflon baggie. All of the samples will be stored and 
shipped to the analytical laboratories on dry ice. 

IV. Attachments 
. Standard edible portions of fish. 
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. Fillet guidelines. 

V. Key Checks 
l Decontaminate fillet equipment between samples. 

l Samples should be stored on dry ice after they are killed. 
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STANDARDOPERATINGFROCEDURE 

Aauatic Macroinvertebrate Samdina 

I. 

II. 

III. 

--._ 

IV. 

Purpose 
To provide a general guideline for sampling benthic macroinvertebrate 
communities. 

Scope 
A standard benthic macroinvertebrate sampling procedure is described. Site- 
specific details are discussed in related sections of the field sampling plan. 

Equipment and Materials 
l Data sheets 
l Petite Ponar or Ekman grab sampler 
. Benthic wash buckets or US Standard No. 30 screens 
l Standard No. 30 dip net 
l Hip boots or chest waders 
l Outer and inner rubber gloves 
. Plastic bottles or containers with labels 
l Rinse bottles 
l Cooler 
l Water buckets 
l Brushes 
. Large wash tub 
. Suber sampler w 
. Site Health and Safety Plan 
l Alcohol solution 
l Field log book 
l Metered line 

Procedures and Guidelines 
1. Identify appropriate sample station locations in ponds, wetlands, and creek 

habitats and map these locations. 

2. 

3. 

Collect samples starting from downstream locations, when sampling in 
flowing systems. 

Select the appropriate sampling device (i.e. petite Ponar, Ekman, Surber, etc.) 
and collect five replicate samples at each station. 

Revised lo/31 I96 
AqMinver.doc 12.10-l 



4. Sieve the contents of the sampler through a U.S. Standard No. 30 mesh 
screen or bucket with screened bottom. 

5. Characterize the contents of the sample by species, if possible, and relative 
abundance and record this information on a appropriate data sheet. 

6. Transfer contents of the screen to a labeled sample container and fix with 
alcohol or formalin solution. 

7. Areas of wetland or stream habitat may be sampled with a dip net (U.S. 
Standard No. 30 mesh). Sweep the net in a standardized motion through 
rooted vegetation or stream areas to collect a single composite invertebrate 
sample. Follow procedures for other methods described above. 

8. 

9. 

Characterize substrate conditions including color, odor, relative organic 
content, and physical condition. 

Wash and rinse sampling equipment between stations to avoid 
contamination. 

10. Photograph sample stations to supplement written descriptions. 

V. Attachments 
None 

VI. Key Checks and Items 
. Wash and rinse sampling equipment between sample stations. 

Revised 1 O/31 I96 
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1. Introduction 

This master Quality Assurance Project Plan (QAPP) has been developed for the fieldi 
investigation activities at the St. Juliens Creek Annex to Naval Base, Norfolk (St. Juhens 
Creek Annex), Chesapeake, Virginia. This Master QAPP describes the general Quality 
Assurance and Quality Control (QA/QC) procedures used for conducting groundwater, 
surface water, sediment, soil, waste liquids and solids, and biota sampling at sites under 
investigation at the base. This includes sampling activities at sites to be investigated as part 
of future Preliminary Assessment (PA), Remedial Investigation (RI), or Feasibility Study 
(FS) actions as well as initial investigations at Site Screening Areas (SSAs). This QAPP is 
intended to encompass most analytical methodologies that may be used in investigations at 
St. Juliens Creek Annex. Not all analytical methods will be utilized at all sites; however, this 
Master QAPP is intended to be comprehensive such that any analyses that might be 
performed for future investigations are included herein. This document will be reviewed and 
updated at least once every three years as required by the U. S. Environmental Protection 
Agency (USEPA), Region III. Unforeseen occurrences such as the addition of analytical 
parameters and changes in methodologies will be provided as addenda to the Master QAPP. 

QA/QC procedures for specific sites or SSAs will be described in the site-specific QAPPs, 
submitted under separate cover. Information to be provided in site-specific QAPPs is 
outlined on the QAPP site-specific checklist, located in Attachment A of the Master Work 
Plan (WI’). Sample collection procedures are provided in the Master Field Sampling Plan 
(FSP) or in the Standard Operating Procedures (SOPS). 

Field sampling and laboratory analyses will be conducted in accordance with the Nuvy 
Installation Restoration Laboratory Quality Assurance Guide, Interim Guidance Document 
(Naval Facilities Engineering [NFESC], February 1996). 
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2. Project Description 

St. Juliens Creek Annex is located at the confluence of St. Juliens Creek (to the south of the 
Base) and the South Branch of the Elizabeth River (to the East of the Base), in Chesapeake, 
Virginia. The Base includes approximately 490 acres, 221 buildings, 653 feet of wharf, 
numerous non-operational buildings and miscellaneous structures. The facility is bordered 
to the north by Norfolk and Western Railroad, the City of Portsmouth, and residential areas, 
and to the west by residential areas. A general description of the base and its 
environmental history are discussed in the Master WP. Site-specific historical information 
or plans for investigation will be provided in the site-specific work plans, which will be 
developed as each site or group of sites is investigated. 

Studies at St. Juliens Creek Annex are intended to characterize the potential human and 
ecological effects associated with past activities at the facility. Goals of the studies in.clude: 

l Obtaining data to determine the nature and extent of contamination at each of thte sites 
and SSAs. 

l Identifying potential sources, migration pathways, and receiving media. 

l Obtaining data to assess the potential human health risks and ecological effects 
associated with contamination. 

l Obtaining data to support the selection and development of remedial alternatives. 

The scope and specific objectives of the studies to be conducted at St. Juliens Creek are 
presented in the Master WI’ and will be updated in each site-specific work plan. 

Environmental contractors for St. Juliens’Creek will use subcontractors to perform laboratory 
analysis, data validation, drilling, monitoring well construction, investigative-derived waste 
disposal, and surveying. Specific subcontractors have not yet been identified. 

The objectives of the sampling work to be performed are not the same for all the sampling 
events. Most sampling results are expected to be used for: 

l Determining the nature and extent of contamination. 
l Assessing ecological and human health risks. 
l Screening 
l Assessing engineering and water quality parameters 
l Characterizing wastes generated by site activities 

The quality of the data must be very high to meet the first two objectives. The USEPA 
Contract Laboratory Program (CLP) Statement of Work (SOW) for organic and inorganic 
analytical methods outlines rigorous QC with full documentation. The CT.J? methods 
combined with the highest level of EPA-guided data validation provides the highest level 
of data quality. The CLP methods are to be used when available for risk assessment and 
evaluation of remedial alternatives 
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Data quality does not need to be as stringent for the remaining objectives. Screening 
provides the lowest data quality but the most rapid results. It is often used for health and 
safety monitoring at the site, preliminary comparison to ARARs, initial site characterization 
to locate areas for subsequent and more accurate analyses, and for engineering screening of 
alternatives (bench-scale tests). These types of data include those generated onsite through 
the use of an Organic Vapor Monitor (OVM), pH, conductivity, and other real-time 
monitoring equipment at the site. Results from parameters such as total organic carbon 
(TOC), total dissolved solids (TDS), and total suspended solids (TSS) will be used to 
evaluate process options and determine general water quality. Waste products will be 
analyzed by the Toxicity Characteristic Leaching Procedure (TCLP) and for Resource 
Conservation and Recovery Act (RCRA) characteristics (reactivity, ignitability, and 
corrosivity) to determine disposal options described in the Master Investigation-Derived 
Waste Management Plan (IDWMP). 

Whenever appropriate, samples will be analyzed for the full EPA suite of compounds 
according to the CLP SOW protocols for organic and inorganic compounds. The Target 
Compound List (TCL) for organics includes volatile organic compounds (VOCs), 
semivolatile organic compounds (SVOCs), pesticides, and polychlorinated biphenyls 
(PCBs). Groundwater samples whose results will be used for risk assessment may be 
analyzed using CLP SOW protocols for low-concentration organics and/or inorganics. The 
individual compounds in each group are listed in Section 8, Table 8-2. The Target Analyte 
List (TAL) for inorganic analytes includes 24 metals and cyanide and also is in Table 8-2. 

Additional analyses will be necessary for some sites. The parameters will be analyzed by 
USEPA SW-846 methods. 

2.1 Project Schedule 
Sample collection events will be planned to maximize efficiency while maintaining field 
quality control. A detailed schedule will be included in the site-specific work plans. 
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3. Project Organization 

, “-“-. 

The environmental contractor’s activity manager will serve as the primary contact and will 
assume primary responsibility for ensuring that the work is performed in a manner that is 
acceptable to the U. S. Navy Facilities Engineering Command, Atlantic Division 
(LANTDIV). With the activity manager’s oversight, the various project managers w:ill be 
responsible for such activities as budget and schedule review and tracking, preparat.ion and 
review of invoices, personnel-resource planning and allocation, and coordination with 
LANTDIV, the Base, and subcontractors. Senior reviewers and the quality control officer 
for the environmental contractor will review documents and procedures. Technical 
performance of the investigations to be conducted at St. Juliens Creek Annex and key 
personnel responsible for quality assurance throughout its duration are presented in 
Section 5.0 of the Master WI’. Management personnel will be identified for each site in the 
site-specific addenda to the Master WI’. Figure 3-l shows the project organization and lines 
of authority. 

The field investigation tasks will be performed by the environmental contractor, who will 
notify St. Juliens Creek Annex and LANTDIV before initiating field activities. A fielld task 
manager will be assigned to lead field activities. That person will be responsible for 
maintaining the field log book, ensuring that the Sampling and Analysis plan (SAP) is being 
followed, monitoring the site for releases, and other activities. The responsibilities of the 
field staff will include collecting the samples in accordance with the SAP, supervisin.g 
subcontractors, completing sample paperwork, and shipping samples. 
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4. Quality Assurance Objectives 

Data Quality Objectives (DQOs) will be established for each major sample collection effort 
as specified in the Guidance for the Data Qzlality Objectives Process, EPA, September 1994. 
DQOs are the quantitative and qualitative descriptions of the quality of data required to 
support an environmental decision or action. As target values for data quality, they are not 
necessarily criteria for acceptance or rejection of individual analytical results. DQOs for a 
site vary according to the end use of the data. Everyone, from the data gatherer to the 
analytical laboratory, is involved in the DQO development process from the beginning. 

The following fundamental mechanisms will be used to achieve quality goals: 

l Prevention of errors through planning, documented instructions and procedures,, and 
careful selection and training of personnel 

l Assessment of data through field and laboratory audits and data validation of thle 
analytical results 

l Correction of errors through a corrective-action program. 

The three documents in the Master SAP (QAPP, Field Sampling Plan [FSP], and IDWMP) 
contain the plans and procedures for safe, competent sampling and for effective 
management of the data. Each laboratory providing analytical data for the sampling efforts 
has developed its own Laboratory Quality Assurance Plan (LQAP). The SAP and thle LQAP 
must address the elements of the Navy QA Program. 

Audits in the field and in the laboratories will determine how the QA/QC procedures are 
being implemented. Discrepancies, if any, will be addressed through the corrective action 
programs described in the SAP and the LQAP. 

4.1 High Level DQOs 
The higher level DQOs for this project as described in Section 2 are to reliably determine the 
nature and extent of contamination and to assess the ecological and human health ri,sks. 
Risk assessments involve comparing detected concentrations of contaminants with 
standards and toxicological or biological criteria. 

The detection limits achieved by the EPA’s CLP TCL organics and TAL inorganics a:nalyses 
are adequate to meet the DQOs except for groundwater. 

A few of the drinking water standards are set below the detection limits for these methods. 
For example, the maximum contaminant level (MCL) for vinyl chloride is 2 micrograms per 
liter @g/L), and the CLP VOC contract required quantitation limit for vinyl chloride is 
10 pg/L. As a tool for ecological assessments, the Region III Biological Technical Assistance 
Group (BTAG) has developed screening levels for surface water and sediment. These 
screening levels are several orders of magnitude below the standard detection limits 
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achieved by standard CLP methods. For example, the screening level for silver in surface 
water is 0.0001 yg/L for fauna, but the CLP detection limit for silver is 10 pg/L. 

No extra value or information is gained for the additional costs of most low-concentration 
analyses. Therefore, soil, surface water, and sediment will be analyzed using standard CLP 
TCL organic and TAL inorganic protocols. EPA or the State may require low-concentration 
methods for comparison to human health or biota standards that are below the detection 
limits achieved by regular methods. 

The groundwater can be anaIyzed by CLP Statement of Work (SOWJfor Organics Analysis Low 
Concentration Wafer (OLCO2) at very little additional cost and no change in sampling 
technique. OLC02 includes VOCs, SVOCs, pesticides, and PCBs. The same laboratory 
instrumentation is used, although the compound list is slightly longer for VOCs (see the 
compound lists in Table 8-2), and the QC requirements are modified. The matrix 
spike/matrix spike duplicate (MS/MSD) analysis is not part of the protocol in OLC02, 
because matrix interferences are not expected in drinking water samples. For this project, 
extra volume for MS/MSDs will be submitted because matrix effects are expected. The 
laboratory will be informed that the samples first should be screened so that the proper 
dilution factor can be selected. 

Data validation for this project will be performed using the Region III Modifications to the 
National Functional Guidelines and will ensure that the data obtained under the EPA 
protocols will be acceptable. 

4.2 Low Level DQOs 
Analyses of engineering and water quality parameters or waste disposal characteristics do 
not require the level of quality control and documentation needed for risk assessment. In 
the field, all instruments will be calibrated according to the SOPS and site-specific FSPs and 
documented in the log books. When appropriate, equipment blanks will be collected and 
analyzed, and matrix influences will be determined. The laboratories will follow the 
procedures of the EPA methods selected, and submit documentation to substantiate the 
analyses. 

Data evaluation will be conducted by the data management staff of the environmental 
contractor. The Chain of Custody (CoC) forms, laboratory case narratives, and log books 
will be checked against sample results, blank results, and percent recoveries (where 
applicable). 

4.3 PARCC 
DQOs are measured by the degree of precision, accuracy, representativeness, completeness, 
and comparability (PARCC) of the data that is required for the project. The project’s 
precision and accuracy objectives for laboratory analysis are in Table 4-1. Site-specific 
quality objectives will be provided on the QAPP checklist in the site-specific SAPS. 
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Table 4-1 
Precision, Accuracy, and Completeness of Objectives 

Parameter Precision (RPD) 

Groundwater and Surface Water 

Accuracy (%R) Intended Data Use 

TCL Organic Compounds < *20 80-I 20 Determine extent of contamination. 
Human and ecological risk assessment. 

Low-concentration 
Organic Compounds 

Organophosphorus 
Pesticides 

Chlorinated Herbicides 

< +20 80-120 

c 225 85-l 25 

< r25 85-125 

Determine extent of contamination. 
Human and ecological risk assessment. 

Determine extent of contamination 
Human and ecological risk assessment. 

Determine extent of contamination 
Human and ecological risk assessment. 

TAL Metals and Cyanide < *20 80-l 20 Determine extent of contamination 
Human and ecological risk assessment. 

Low-concentration Metals 
and Cyanide 

TOC 

TSS, TDS 

Alkalinity 

< c20 80-120 

85-115 -e 

-_ -- 

-_ -- 

Determine extent of contamination 
Human and ecological risk assessment. 

Evaluate process options 

Evaluate process options 

Evaluate process options and determine 
water quality 

Hardness 

Soil and Sediment 

-- -_ Evaluate process options and determine 
water quality 

TCL Organics < *25 75-l 25 Determine extent of contamination 
Human and ecological risk assessment. 

Organophosphorus 
Pesticides 

Chlorinated Herbicides 

< *30 

< *30 

70-I 30 

70-I 30 

TAL Metals and Cyanide c +30 70-130 

Determine extent of contamination 
Human and ecological risk assessment. 

Determine extent of contamination 
Human and ecological risk assessment. 

Determine extent of contamination 
Human and ecological risk assessment. 

Grain Size 

TCLP Organics and 
lnorganics 

-- -- Characterize soil or sediment 

-- __ Determine disposal options 

RCRA Parameters 
(Reactivity, Ignitability, 
Corrosivity) 

__ Determine disposal options 

RPD = Relative Percent Difference 
%R = Percent Recovery 
TCL = Target Compound List 
TOC = Total Organic Carbon 
TSS = Total Suspended Solids 
TDS = Total Dissolved Solids 
TCLP = Toxicity Characteristic Leaching Procedure 
RCRA = Resource Conservation and Recovery Act 
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4.3.1 Accuracy and Precision 
Accuracy is a measure of the agreement between an experimental result and the true value 
of the parameter. Analytical accuracy can be determined by using known reference 
materials or matrix spikes. Spiking of reference materials into the actual sample matrix is 
the preferred technique because it quantifies the effects of the matrix on the analytical 
accuracy. Accuracy can be expressed as percent recovery (%R) determined by the following 
equation: 

SSR - SR 
%R = 

SA 
x 100 

where: SSR = spiked sample result 
SR = sample result (native) 
SA = spike added 

Precision is the measure of the agreement or repeatability of a set of duplicate results 
obtained from repeat determinations made under the same conditions. The precision of a 
duplicate determination can be expressed as the relative percent difference (RPD), which is 
determined by the following equation: 

1x1 - x21 
RPD = 

XI + x2 
x 200 

where: Xl = first duplicate value 
x2 = second duplicate value 

For a given laboratory analysis, the duplicate RF’D values are tabulated, and the mean and 
standard deviations of the RPD are calculated. Control limits for precision usually are plus 
or minus two standard deviations from the mean. 

Accuracy and precision will be monitored by using field duplicate, MS, and MSD samples. 
These data alone cannot be used to evaluate the accuracy and precision of individual 
samples but will be used to assess the long-term accuracy and precision of the analytical 
method. 

4.3.2 Completeness 
Completeness is defined as the percentage of analytical measurements that are judged to be 
valid, validity being defined by the DQOs. Percent completeness is calculated as the 
number of analyses meeting all quality criteria divided by the total number of analyses 
performed multiplied by 100. The completeness goal for the project is 85 percent. 

4.3.3 Representativeness 
Representativeness expresses the degree to which sample data accurately and precisely 
represent parameter variations at a sampling point. Representativeness is a measure of how 
closely the measured results reflect the actual distribution and concentration of certain 
chemical compounds in the medium sampled. The Master FSP and the SOPS describe the 
procedures to be used for collecting samples. This process will generate samples that are as 
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representative as possible. Documentation of laboratory and field procedures, as described 
in the FSP, will be used to verify that protocols have been followed and that sample 
identification and integrity have been maintained. 

4.3.4 Comparability 
“Comparability” is the term that describes the confidence with which one data set can be 
compared with another. Comparability refers to such issues as using standard field and 
analytical techniques, following the same QA/QC procedures, and reporting data in. the 
same units. This criterion becomes important if more than one field team is collecting 
samples or more than one laboratory is analyzing samples. Consistency in sampling and 
laboratory procedures will be maintained throughout the project. (See the Master FSP and 
the SOPS in Appendix A of the Master WI’ for a discussion of sampling procedures.) In 
addition, accepted methodologies will be used for sample analysis, and these metholds will 
not be changed during the project. 
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5. Sample Collection Procedures 

Descriptions of sampling procedures are provided in the Master FSP and in the SOPS. 
Procedures are included that describe the following, at a minimum: 

l Sampling methods 

l Sample packing, handling, and shipment, including time considerations 

l Preparation and use of trip blanks, field blanks, equipment blanks, and duplicate 
samples 

l Documentation of sampling activities 

Site-specific sampling procedures, sampling point selection, special conditions for sample 
container preparation, or special time requirements will be addressed in the site-specific 
SAPS. 
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6. Sample Custody 

Essential to a sampling and analysis program is maintaining the integrity of the sample, 
from collection to data reporting. This requires tracking the possession and handling of 
samples from the time of collection, through analysis, to final disposal. This documentation 
is referred to as chain-of-custody (CoC). Figure 6-1 shows an example of a CoC form. The 
essential components of the CoC are described in the FSP and summarized below. 

6.1 Field Custody 
The field team leader is responsible for the care and custody of samples until they are 
shipped or otherwise delivered to the laboratory custodian. 

6.2 Transfer of Custody 

-. 

The CoC form must be completed before samples are shipped. The persons involved in 
relinquishing and receiving the samples will sign, date, and note the time of sample receipt 
on the CoC form. The first such transfer may occur between the field sampler and the 
sample carrier. Another transfer may occur between the sample carrier and the laboratory’s 
sample custodian. Each sample shipment will be accompanied by a CoC record that 
identifies the contents of the shipment. 

6.3 Laboratory Custody 
Laboratory custody procedures are detailed in each laboratory’s LQAP. The laboratory 
custodian will verify that the custody seals on the sample shipment or the containers are 
intact and that the information on the CoC matches the actual contents. The laboratory 
custodian also will note anomalies, such as broken bottles, elevated temperatures, and 
missing labels. The project-specific procedures for sample custody are described fully in the 
FSP. 

6.4 Sample Disposal 
Unless otherwise instructed, the analytical laboratory will dispose of unused sample 
portions, according to RCRA regulations and the LQAP, after the analyses have been 
completed and outstanding issues between the contractor and the laboratory have been 
resolved. 
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7. Equipment Calibration 

Various instruments will be used in the field and in the laboratory to collect data and 
monitor site conditions. Proper calibration, maintenance, and use of the instruments is 
important for collecting high-quality data. A record of calibration and maintenance 
activities is as important as the data record itself for verifying the delivery of high-quality 
data. 

7.1 Field Equipment Calibration 
The following field equipment to be used during this investigation will require calibration: 

l pH meter 
. conductivity meter 
l organic vapor monitor (OVM) 
l organic vapor analyzer (OVA) 
. explosimeter 
l turbidity meter 
l dissolved oxygen (DO) meter 

The meters used for field measurement will be calibrated before and during each day’s use 
according to procedures and schedules outlined in the Health and Safety Plan (HASP) or 
SOPS. The standards that will be used to calibrate these instruments are shown in Table 7-1. 
Standards will be purchased as necessary from appropriate vendors. 

If an individual suspects an equipment malfunction, the meter will be removed from 
service and tagged so that it is not inadvertently used, and the equipment manager will be 
notified so that a substitute piece of equipment can be used. Some backup equipment will 
be available in the field for use in case of a malfunction. 

Equipment that fails calibration or becomes inoperable during use will be removed from 
service and tagged so that it is not used inadvertently. Such equipment will be repaired 
and satisfactorily recalibrated. Equipment that cannot be repaired will be replaced. 

The results of activities performed using equipment that has failed recalibration will be 
evaluated. If the results are adversely affected, the outcome of the evaluation will be 
documented and the task manager will be notified. 

7.2 Laboratory Equipment Calibration 
The laboratory itself is responsible for equipment and instrument calibration and 
maintenance. Manufacturer’s guidance shall be followed for general upkeep. Laboratory 
calibration procedures are outlined in the LQAP. 
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Table 7-l 
Calibration Standards 

Calibration 
Instrument Standard Span Reading Method 

Y/M (11.7 eV) 100 ppm isobutylene RF = 0.68 68 ppm 1.5 Umin reg: T-tubing 

3VA 100 ppm methane RF= 1.00 100 ppm 1.5 Umin reg: T-tubing 

)H Meter pH 4 and 7 Buffers N/A N/A N/A 

;onductivity Meter EC 225 and 1,000 uS/cm N/A N/A N/A 

Sxplosimeter 75% LEL Pentane N;/A 50% 25% LEL Oxygen 1.5 Umin: Direct tubing 

-urbidity Meter Per instrument instructions N/A N/A Per instrument 
instructions 

10 meter N/A N/A 5 0.1 ppm Adjust for temperature, 
altitude, and salinity 

LEL = Lower Explosive Limit 
RF = Response Factor 

wm = parts per million 
Umin = Liters per minute 
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8. Analytical Procedures 

All laboratory analyses will be performed by a laboratory approved by NFESC. The 
laboratories will be procured using Basic Ordering Agreements (BOAS). Table 8-l lists 
analytical procedures that may be used for samples collected at the Base. Other analyses 
may be required and will be discussed in the site-specific SAP. Table 8-2 lists the chemicals 
analyzed by each method and the reporting limits. 

Table 8-l 
Analytical Procedures 

- 
Analysis Methodology 

TCL VOCs, SVOCs, and Pesticides/PCBs U.S. EPA CLP Organics SOW OLM03 or latest 
version a 

Low-concentration VOCs, SVOCs, and U.S. EPA CLP SOW for Low-concentration Water 
Pesticides/PCBs (for groundwater samples) 

Organophosphorus pesticides 

OLC02 (8/94) ’ 

SW-846 Method 8140 

Chlorinated pesticides I SW-846 Method 8150 

TAL Metals and Cyanide U.S. EPA CLP lnorganics SOW IML03 or leatest 
version’ 

TOC 

TDS 

TSS 

Hardness 

EPA Method 415.1 

EPA Method 160.1 

EPA Method 160.2 

EPA Method 130.2 

Alkalinitv I EPA Method 310.1 

Grain Size 

TCLP 

Corrosivitv 

ASTM 0421~5810422-63 

SW-846 Method 1311 

SW-846 Method 9040 

lanitabilitv 1 SW-846 Method 1010 

Reactivity SW-846 Methods 9010 and 9030 
- 

a Actual analytical methods will be determined during scoping of individual site-specific work plans. 

b The laboratory may analyze organic samples under another U.S. EPA CLP organics SOW if the reporting 
limits on Table 8-2 can be met and verified by MDL studies. The requested reporting limit for 
pentachlorophenol is 5 )&J/L. 

’ Lower detected limits may be needed for some metals analyses. In these cases, antimony must be 
analyzed by the graphite furnace method to meet the reporting limit on Table 8-2. Note the lower reporting 
limit of 2 p-s/L for thallium. 

- 

OLM03 = EPA CLP SOW for multimedia, multiconcentration organic analysis 
OLCO2 = EPA analytical method for organic low-concentration water 
IML03 = EPA CLP SOW for multimedia, multiconcentration inorganic analysis 
MDL = Method Detection Limit 

K.dL = micrograms per liter 
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ANALYTICAL PROCEDURES- MASTER WALK-Y ASSURANCE PFKXECT PIAN 

Table 8-2 
Analytical Parameters and Reporting Limits 

Volatile Organic Compounds on Target Compound List (TCL) (Method OLM03) 

Soil/ Soil/ 
Water Sediment Water Sediment 

Analyte Pg/l wdkg Analyte l-d P&t? 

Acetone 10 10 1,2-Dichloropropane 10 10 
Benzene 10 10 cis-1,3-Dichloropropene 10 10 
Bromoform 10 10 trans-1,3-Dichloropropene 10 10 
Bromodichloromethane 10 10 Ethylbenzene 10 10 
Bromomethane 10 10 2-Hexanone 10 10 
2-Butanone 10 10 4-Methyl-2-pentanone 10 10 
2arbon disulfide 10 10 Methylene chloride 10 10 
Carbon tetrachloride 10 10 Styrene 10 10 
Zhlorobenzene 10 10 1,1,2,2-Tetrachloroethane 10 10 
Zhloroethane 10 10 Tetrachloroethene 10 10 
Zhlorofonn 10 10 Toluene 10 10 
Zhloromethane 10 10 l,l,l-Trichloroethane 10 10 
Dibromochloromethane 10 10 1,1,2-Trichloroethane 10 10 
L,l-Dichloroethane 10 10 Trichloroethene 10 10 
L,2-Dichloroethane 10 10 Vinyl chloride 10 10 
L,l-Dichloroethene 10 10 Xylenes (total) 10 10 
L,2-Dichloroethene (total) 10 10 

Low-Concentration Volatile Organic Compounds (Method OLC02) 

Water 
Analyte Id1 Analyte 

4cetone 5 l,l-Dichloroethene 
3enzene 1 cis-1,2-Dichloroethene 
3romoform 1 trans-1,2-Dichloroethene 
3romochloromethane 1 1,2-Dichloropropane 
3romodichloromethane 1 cis-1,3-Dichloropropene 
3romomethane 1 trans-1,3-Dichloropropene 
!-Butanone 5 1,2,4-Trichlorobenzene 
Carbon disulfide 1 Ethylbenzene 
Carbon tetrachloride 1 2-Hexanone 
Zhlorobenzene 1 4-Methyl-2-pentanone 
Zhloroethane 1 Methylene chloride 
3hlorofor-m 1 Styrene 
Jhloromethane 1 1,1,2,2-Tetrachloroethane 
1,2-Dibromo-3-chloropropane 1 Tetrachloroethene 
Iibromochloromethane 1 Toluene 
1,2-Dibromoethane 1 l,l,l-Trichloroethane 
1,ZDichlorobenzene 1 1,1,2-Trichloroethane 
1,3-Dichlorobenzene 1 Trichloroethene 
L,4-Dichlorobenzene 1 Vinyl chloride 
.,l-Dichloroethane 1 Xylenes (total) 
.,2-Dichloroethane 1 

Water 

Pg/l 

1 
1 
1 
1 
1 
1 
1 
1 
5 
5 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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Table 8-2 
Analytical Parameters and Reporting Limits 

TCLP Volatile Organic Compounds(CODE VTCLP) 

Water Water 
Analyte Id1 Analyte Pg/l 

Benzene 10 l,l-Dichloroethene 10 
Carbon tetrachloride 10 Tetrachloroethene 10 
Chlorobenzene 10 Trichloroethene 10 
Chloroform 10 2-Butanone 10 
1,2-Dichloroethane 10 Vinyl chloride 10 

Semivolatile Organic Compounds on Target Compound List (TCL) (Method OLM03) 

Soil/ Soill 
Water Sediment Water Sediment 

Analyte Pg/l PEG% Analyte 1.18/l Pg/k3 
1,ZDichlorobenzene 10 330 2,4-Dinitrophenol 25 800 
1,3-Dichlorobenzene 10 330 4-Nitrophenol 25 800 
1,4-Dichlorobenzene 10 330 Dibenzofuran 10 330 
Phenol 10 330 2,4-Dinitrotoluene 10 330 
bis-(2-Chloroethyl)ether 10 330 Diethylphthalate 10 330 
2-Chlorophenol 10 330 4-Chlorophenyl-phenylether 10 330 
2-Methylphenol 10 330 Fluorene 10 330 
2,2’-oxybis(l-Chioropropane) 10 330 4-Nitroaniline 25 800 
4-Methylphenol 10 330 4,6-Dinitro-2-methylphenol 25 800 
N-Nitroso-di-n-propylamine 10 330 N-Nitrosodiphenylamine 10 330 
Hexachloroethane 10 330 4-Bromophenyl-phenylether 10 330 
Nitrobenzene 10 330 Hexachlorobenzene 10 330 
Isophorone 10 330 Pentachlorophenol 25 800 
2-Nitrophenol 10 330 Phenanthrene 10 330 
2,4-Dimethylphenol 10 330 Anthracene 10 330 
bis-(2-Chloroethoxy)methane 10 330 Di-n-butylphthalate 10 330 
2,4-Dichlorophenol 10 330 Carbazole 10 330 
1,2,4-Trichlorobenzene 10 330 Fluoranthene 10 330 
Naphthalene 10 330 Pyrene 10 330 
4-Chloroaniline 10 330 Butylbenzylphthalate 10 330 
Hexachlorobutadiene 10 330 3;3’-Dichlorobenzidine 10 330 
Q-Chloro-3-methylphenol 10 330 Benzo(a)anthracene 10 330 
2-Methylnaphthalene 10 330 Chrysene 10 330 
Hexachlorocyclopentadiene 10 330 bis-(2-Ethylhexyl)phthalate 10 330 
2,4,6-Trichlorophenol 10 330 Di-n-octylphthalate 10 330 
2,4,5-Trichlorophenol 25 800 Benzo(b)fluoranthene 10 330 
2Chloronaphthalene 10 330 Benzo(k)fluoranthene 10 330 
2-Nitroaniline 25 800 Benzo(a)pyrene 10 330 
Dimethylphthalate 10 330 Indeno(l,2,3-cd)pyrene 10 330 
Acenaphthylene 10 330 Dibenz(a,h)anthracene 10 330 
2,bDinitrotoluene 10 330 Benzo(g,h,i)perylene 10 330 
3-Nitroanihne 25 800 Acenaphthene 10 330 
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Table 8-2 
Analytical Parameters and Reporting Limits 

TCLP Semivolatile Organic Compounds (Method STCLP) 

Analyte 

Methylphenols (total; 
same as total cresols) 

Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 

Water Water 

Ml Analyte Ps/l 

40 2,4,&Trichlorophenol 40 
2,4,5-Trichlorophenol 100 

40 2,4-Dinitrotoluene 40 
40 Pentachlorophenol 100 
40 Pyridine 40 
40 1,4-Dichlorobenzene 40 

Pesticides and PCBs on Target Compound List (TCL) (Method OLM03) 

Soil/ Soil/ 
Water Sediment Water Sediment 

Analyte Pg/l FM% Analyte Pg/l FM% 

alpha-BHC 0.05 1.7 4,4’-DDT 0.10 3.3 
beta-BHC 0.05 1.7 Methoxychlor 0.50 17.0 
delta-BHC 0.05 1.7 Endrin ketone 0.10 3.3 
gamma-BHC (Lindane) 0.05 1.7 Endrin aldehyde 0.10 3.3 
Heptachlor 0.05 1.7 alpha-Chlordane 0.05 1.7 
Aldrin 0.05 1.7 gamma-Chlordane 0.05 1.7 
Heptachlor epoxide 0.05 1.7 Toxaphene 5.0 170 
Endosulfan I 0.05 1.7 Aroclor-1016 1.0 33.0 
Dieldrin 0.10 3.3 Aroclor-1221 2.0 67.0 
4,4’-DDE 0.10 3.3 Aroclor-1232 1.0 33.0 
Endrin 0.10 3.3 Aroclor-1242 1.0 33.0 
Endosulfan II 0.10 3.3 Aroclor-1248 1.0 33.0 
a,$‘-DDD 0.10 3.3 Aroclor-1254 1.0 33.0 
Endosulfan sulfate 0.10 3.3 Aroclor-1260 1.0 33.0 

TCLP Pesticides (Code PTCLP) 

Analyte 

alpha-Chlordane 
gamma-Chlordane 
?ndrin 
!Ieptachlor(and Heptachlor epoxide) 

Water 

Pg/l Analyte 

0.05 gamma-BHC (Lindane) 
0.05 Methoxychlor 
0.05 Toxaphene 
0.05 

Water 

Pg/l 

0.05 
0.05 
0.05 
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Table 8-2 
Analytical Parameters and Reporting Limits 

Metals and Cyanide on the Target Analyte List (TAL) (Method ILM03) 

Soil/ Soil/ 
Water Sediment Water Sediment 

Analyte ?-cdl Peg Analyte llgll wk 
Aluminum 200 40 Lead 3 0.6 
Antimony 60 12 Magnesium 5,000 1,000 
Arsenic 10 2 Manganese 15 3 
Barium 200 40 Mercury 0.2 0.2 
Beryllium 5 1 Nickel 40 8 
Cadmium 5 1 Potassium 5,000 1,000 
Calcium 5,000 1,000 Selenium 5 1 
Chromium 10 2 Silver 10 2 
Cobalt 50 10 Sodium 5,000 1,000 
Copper 25 5 Thallium 10 2 
Cyanide 10 2 Vanadium 50 10 
Iron 100 20 zinc 20 4 

TCLP Metal (Code MTCLP) 

Water Water 
Analyte Pg/l Analyte Pg/l 

Arsenic 2 Lead 3 
Barium 10,000 Mercury 0 
Cadmium 4 Selenium 4 
Chromium 7 Silver 4 
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9. Data Reduction, Validation, and Reporting 

Data reduction and reporting are steps in the overall management and use of both field and 
laboratory data, and data validation is a step in the overall management and use of 
laboratory data. Figure 9-1 shows the flow of information and sample-tracking forms. 

9.1 Data Reduction 
Data reduction, validation, and reporting will ensure that all documents for the investiga- 
tions can be accounted for when they are completed. Documents requiring accountability 
include logbooks, field data records, correspondence, CoC records, analytical reports, data 
packages, and reports. 

9.2 Definition 
Collected analytical data will be computerized. Electronic data will be requested for all 
TCL and TAL analyses from the laboratory in a format agreed upon by the data manager. 
Other types of analytical data will be entered and then verified by spot-checking 
procedures. The sample manager will handle data entries that are unverified. 

9.3 Background Data 
Background data produced for internal records and not reported as part of the analytical 
data include the following: laboratory worksheets, laboratory notebooks, sample-tracking 
system forms, maintenance records, calibration records, and associated QC records. These 
sources will be available for inspection and for determining the data validation. 

9.4 Data Validation 
Validation of analytical data will be in accordance with NFESC QA guidance and EPA 
QA/QC requirements. Analytical results requiring high level DQOs will be validated using 
the EPA Region III Modifications to the National Functional Guidelines for Organic and 
Inorganic Data Review. Data validation will be performed by a subcontractor to the 
environmental contractor. The project, its objectives, and the intended use of the da-ta will 
be discussed with the data validation personnel. Analytical results with low level DQOs 
will be evaluated for completeness and applicable precision, accuracy, and blank 
contamination. 
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DATA REDUCTION, VALIDATION, AND REPORTING- MASTER QUALITY ASSURANCE PROJECT PLAN 

9.5 Data Records 
The following procedures will be used for maintaining the project records: 

The task manager will determine the records to be generated before the start of work. 
The records will be listed in the site-specific work plans and sampling and analysis 
plans. 

Records of field activities that support the integrity of samples will be entered on. bound 
and numbered pages. Such records will be dated and signed or otherwise authenticated 
on the day of entry. 

Records retained on file will be indexed. The indexing system will include the locations 
of records within the indexing system. (The indexing system will be in alphabetical, 
chronological, or numerical order or as otherwise indicated in written procedures.) 

There will be sufficient information in records to permit identification between the 
record and the item(s) or activity to which it applies. Identification of records wi.11 be by 
means that permit traceability. 

The record-storage system will provide for accurate retrieval of records without undue 
delay. 

The format for electronic deliverable data is currently being developed by CH2M HILL 
for use with Navy GIS. When the format is finalized and tested the format will be 
included with next revision or site-specific work plans. 
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10. Qualitv Control Checks 

A number of QA/QC samples will be collected to check the adequacy of sample collection 
and analysis and to monitor laboratory performance. Duplicates, blanks, and spiked 
samples are used to determine if the sampling technique affects the analytical results, to 
measure the internal consistency of the samples, and estimate variances or biases in the 
analytical process. The field and laboratory QA/QC sampling procedures are described 
below. 

10.1 Field Sampling QC Procedures 
QC duplicate samples and blanks are used to provide a measure of the internal consistency 
of the samples and an estimate of variance and bias. Table 10-l shows the number of each 
type of field QC sample that should be collected for the number of investigative sam.ples 
collected. The number and kinds of QC samples to be collected for each sampling event 
will be listed in each site-specific SAP. 

Table 1 O-l 
Summary of QC Collection Frequencies 

Type of QC Sample Frequency Collected 

Field Duplicate One per 10 samples per matrix 

Trip Blank One per cooler containing samples for VOC analysis 

Field Blank One per sampling event, and at least one per week (if 
very windy or dusty, collect one per day) 

Equipment Blank One each day per matrix. 

Temperature Blank One per cooler. 

MSIMSD One per matrix for each group of up to 20 samples 
sent to a single laboratory. 

One duplicate sample will be obtained for every 10 field samples collected. The sampling 
station from which the duplicate is taken will be selected with a bias toward locations 
where measurable concentrations are expected. Each duplicate sample will be split (evenly 
into two sample containers and submitted for analysis as two independent samples. 

MS/MSDs will be collected at the rate of 1 for every 20 field samples collected. MS/‘MSD 
samples give an indication of the laboratory’s analysis accuracy and precision within the 
sample matrix. 

Blanks provide a measure of cross-contamination sources, decontamination efficiency, and 
other potential errors that can be introduced from sources other than the sample. Three 
types of blanks can be generated during sampling activities: trip blanks, field blanks, and 
equipment rinsate blanks. 
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One trip blank will be included in each cooler used for the daily shipment of VOC samples. 
If more than one cooler is being sent on a given day, all of the VOC samples should be 
placed in one cooler, if possible, to minimize the number of trip blanks needed. The trip 
blanks will be prepared before each sampling event, shipped or transported to the field 
with the sampling bottles, and returned unopened for analysis. Trip blanks will indicate if 
there is contamination during shipment to the field, from storage in the field, or from 
shipment from the field to the analytical laboratory. 

One equipment blank per sample medium will be obtained for each day of sampling. 
Equipment blanks will give an indication of the efficiency of decontamination procedures. 

One field blank will be collected per sampling event. If sampling events extend beyond one 
week (five working days) or for windy and dusty field conditions, the number of field 
blanks should be increased. Field blanks are used to determine the chemical quality of 
water used for such procedures as decontamination and blank collection. 

EPA has recently requested that a temperature blank be included in each cooler containing 
samples for CLP analyses so that the laboratory can record the temperature without 
disturbing the samples. The temperature blank will not be given a sample number nor 
listed as a sample on the CoC. 

10.2 Laboratory Analytical QC Procedures 
The analytical laboratory will use the QC elements, including method or laboratory blanks, 
initial and continuing calibrations, MS/MSDs, and surrogate spike standards as specified in 
the laboratory LQAP and in Navy installation Restoration Laboratory Quality Assurance Guide, 
Interim Guidance Document, February, 1996. 

Method blanks monitor potential contamination introduced during analysis. Calibration 
standards are used to calibrate the instrumentation, thereby controlling the accuracy of the 
results. Once an instrument has been calibrated, calibration is confirmed periodically by 
monitoring the instrument response to internal standards. For some analyses, such as those 
performed by gas chromatograph/mass spectrometer (GC/MS), a sample and a blank are 
spiked with a surrogate compound or a system-monitoring compound (SMC) chosen for 
properties similar to those of the analyte of interest. The surrogate spikes or SMCs evaluate 
the efficiency of the analytical procedure in recovering the true amount of a known 
compound. Laboratory duplicates are performed in certain instances (especially for 
inorganic analyses) to evaluate the reproducibility of the method. 

MS/MSDs are spiked by the laboratory in two separate aliquots of a sample selected by the 
sampler from each batch of 20 field samples. The MS/MSDs will be used to assess accuracy 
and precision. The MSD is identical to the MS; both are analyzed to determine the 
reproducibility of the results. The sampler will collect a triple volume of one sample to give 
the laboratory enough material for analyzing the sample, the spiked sample, and the spiked 
sample duplicate. 
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11 n Performance and Systems Audits 

Both field and laboratory audits will be conducted. 

11 .I Laboratory Performance and Systems Audits 
The analytical laboratories will conduct internal QC checks as indicated in each laboratory’s 
LQAP. The laboratories are subject to external audits by the Navy and the environmental 
contractor. 

11.2 Field Team Performance and Systems Audits 
The project manager or designee will conduct a performance audit as needed during the 
sampling activities to verify that the proper sampling and documentation. procedures 
presented in the QAIV’ and the FSP are followed and that subsequent sample data a:re valid. 
The audit will focus on the details of the QA program. The audit checklist is the guide for 
performing audits for field procedures and is shown in Figure 11-l. The audit will evaluate 
the following: 

Project responsibilities 
Sample-collection and sample-preservation procedures 
Equipment-decontamination procedures 
Field equipment-calibration procedures 
Sample-custody procedures 
Document control 
Sample-identification system 
QC corrective-action procedures 

An audit report summarizing results and corrections will be prepared and filed in the 
project files. Significant variances from established procedures will be reported to the 
project manager. 
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Figure 11-l 
FIELD PERFORMANCE AUDIT CHECKLIST 

Pro j est Responsibilities 

Project No.: 

Prgject Location: 

Team Members: 

Date: 

Signature: 

Yes- No- 

Yes- No- 

Yes- No- 

Yes- No- 

I) Was a SAP Prepared? 
comments 

2) Was a briefing held for project participants? 
comment 

3) Were additional instructions given to project participants? 
COIZUXl~tS 

4) Is the current approved SAP being used? 
Comments 



. . 

_,/- .-_ 

Figure 11-l 
FIELD PERFORMANCE AUDIT’ CHECKLIST 

(Continued) 

Sample Collection 

Yes- No- 1) Is there a written list of sampling locations and descriptions? 
commerlis 

Yes- No- 2) Are samples collected as stated in the FSP? 
comments 

Yes- No- 3) Are samples collected in the type of containers specified in the 
FSP? 
comments 

Yes- No- 4) Are samples preserved as specified in the FSP? 
comments 

Yes- No- 

Yes- No- 

Yes- No- 

5) Are the number, frequency, and type of samples collected as 
specified in the FSP? 
comJnents 

6) Are quality assurance checks performed as specified in the FSP? 
comments 

7) Are photographs taken and documented as specified in tihe FSP? 
contmerlts 



Figure 11-l 
FIELDPERFORMANCEAWlTCHECKUST 

(Continued) 

Document Control 

ye- No- 

Yes- No- 

Ye- No- 

Yes _ No- 

Yes _ No- 

Yes- No- 

Yes- No- 

1) 

2) 

3) 

4) 

5) 

6) 

7> 

Have any accountable documents been lost? 
comnlents 

Have any accountable documents been voided? 
comments 

Have any accountable documents been disposed of? 
comments 

Are the samples identified with sample tags? 
comments 

Are blank and duplicate samples properly identified? 
comments , 

Are samples listed on a chain-of-custody record? 
Comments 

Is chain~fcustody documen ted and maintained? 
comments 



12. Preventive Maintenance 

Routine maintenance procedures and schedules for sampling equipment are described in 
the manufacturer’s instruction manuals. All records of inspection and maintenance will be 
dated and documented in the field notebook. 

Maintenance procedures and schedules for all field and laboratory analytical instruments 
will follow the recommendations of the equipment manufacturers. Routine laboratory 
equipment maintenance will be performed by laboratory personnel as needed or as 
indicated in the LQAP. All records of inspection and maintenance will be dated andi 
documented in laboratory record books. 

Critical spare parts for the pH, the OVM, the OVA, the conductivity meter, DO meter, and 
the explosimeter include batteries, electrodes, and membranes. They will be included in the 
sampling kits to minimize downtime. In addition, backup meters will be available, if 
needed. Spare parts will be purchased from accepted vendors. 
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13. Data Assessment Procedures 

The precision and accuracy of data will be assessed routinely to ensure that they meet the 
requirements of the DQOs. 

All data will be validated before interpretation by a subcontractor. The validation will be 
performed according to USEPA Contract Laboratory Program Nationa Functional Guidelines for 
Organic Data Review, February 1994, and USEPA Laboratory Data Validation FunctiunaI 
Guidelines for Evaluizting Inorganic Analyses, January 1993, and the Region 111 Modifications to 
National Functional Guidelines for Organic Data Review Multi-Media, Multi-Concentration, 
September 2994, and for EvaIzlating Inorganic Analyses, April 2993. (Region III Modifications). 

Data with high level DQOs will be validated by an independent contractor. NFESC 
guidance does not allow the environmental contractor to validate data collected by its own 
staff. Data that should be qualified will be flagged with the appropriate symbol according 
to the Region III Modifications. 

Data with low level DQOs will be evaluated by the environmental contractor. The results 
for field and equipment blanks will be reviewed if available, and the data will be qu,alified 
if necessary. The data set as a whole will be examined for completeness, consistency, 
anomalous results, and reasonableness. 

.- ,_ 
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14. Corrective Actions 

Anyone who determines that there is a problem will initiate the corrective action process by 
consulting the project manager. Corrective action will include problem identification, 
investigation-responsibility assignment, action for eliminating the problem, increased 
monitoring of the effectiveness of the corrective action, and verification that the problem 
has been eliminated. 

Documenting the problem is important to the overall QA program. A memorandum to file 
will be written for a problem associated with sample collection. A copy will be sent to the 
laboratory, if appropriate, to document corrections to sample identification. The memo will 
be written by the person discovering the QA problem or the person responsible for tlhe 
problem. The memo should identify the problem, establish possible causes, and designate 
the person responsible for action. The responsible person will be either the project manager 
or the field team leader. The responsible person will verify that initial action has been taken 
and appears to be effective and, at an appropriate later date, will recheck to see if the 
problem has been resolved fully. 

Examples of corrective actions include, but are not limited to, correcting CoC forms, 
analysis reruns (if holding-time criteria permit), recalibration with fresh standards, 
replacement of sources of blank contamination, examination of calculation procedures, 
additional training in sample preparation and analysis, reassignment of analytical 
responsibilities using a different batch of containers, and recommending an audit of 
laboratory procedures. Additional approaches may include the following: 

l Resampling and analyzing 
l Evaluating and amending procedures for sampling and analysis 

Accepting the data and acknowledging the level of uncertainty or inaccuracy by flag:ging 
the data and providing an explanation for the qualification. 
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15. Quality Assurance Reports 

A QA report will be completed at the end of the field activity to summarize the QA/QC 
status of the project and problems, if any. The report will be an assessment of the mfeasured 
QA parameters (for example, precision and accuracy), the results of performance audits, 
reported nonconformance, and significant QA problems and the recommended solutions. 
A change in the QAPP will be summarized in a report or a letter and will be sent to 
LANTDIV and distributed to the environmental contractor’s project team. 
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SECTION 1.0 

Introduction 

The Remedial Investigation (RI) and, potentially,  Site Screening Area (SSA) 
activities at St. Juliens Creek Annex to Naval Base, Norfolk (St. Juliens Creek Annex) 
will produce investigation-derived waste (IDW).  IDW will subsequently require 
waste management and disposal in a manner that minimizes potential hazards to 
the public.  This Master Investigation Derived Waste Management Plan (IDWMP) 
describes methodologies and procedures that environmental contractor’s field 
personnel will implement to handle, manage, and dispose of IDW at St. Juliens 
Creek Annex. 

Procedures for managing, handling, and disposing of site-specific IDW will be 
addressed in the site-specific IDWMP.  Other information to be included in site-
specific IDWMPs is outlined on the IDWMP site-specific checklist, located in 
Attachment A of the Master Work Plan.  Some examples of IDW that may be 
generated during field activities on Base include: 

• Soil cuttings generated during drilling 

• Groundwater extracted during well development and sampling procedures 

• Residual soil and wastewater generated during the decontamination of field 
equipment 

• Non-soil solids including used personal protective equipment (PPE) and 
disposable sampling equipment 
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SECTION 2.0 

Waste Handling 

This section describes the waste handling procedures to be followed during the 
RI/FS and SSA activities on the Base.  Site-specific procedures and methodologies 
for managing and handling IDW will be provided on the IDW checklist in the site-
specific SAPs.  The checklist will also reference the appropriate Standard Operating 
Procedures (SOP)s to follow when managing and handling IDW at the site. 

2.1 Solid IDW 
Solid wastes, including soils, soil cuttings, and non-soil wastes will be produced 
during field investigations.  All IDW will be managed and disposed in accordance 
with this Master IDWMP and the SOPs.  Different types of solid IDW are discussed 
below.   

2.1.1 Soils and Soil Cuttings 
Soil cuttings generated during field activities will be contained in 55-gallon drums, 
roll-off containers, or other types of approved containers if the existence of 
contamination at the site has either been confirmed or suggested from previous 
investigations, or if no previous site investigation has taken place.  Soil to be 
contained includes the soil cuttings generated during any intrusive activity, and any 
soil that accumulates in the decontamination pad from the washing of drilling 
equipment.  Drums will be sealed and appropriately labeled. 

If previous investigations have confirmed that contamination does not exist at the 
site, soil cuttings generated during the field activities mentioned above will be 
returned to the borehole from which they were removed.  Excess soil cuttings will 
be spread on the ground near the boring from which they were removed and graded 
and seeded as necessary.  If the boring is located in an area with a maintained lawn, 
asphalt, or concrete surface, excess soil cuttings will be spread on the ground and 
graded and seeded at a location designated by the Navy. 

At the conclusion of a drilling event, drums filled with potentially contaminated 
soil cuttings will be temporarily stockpiled at a location designated by Navy 
personnel.  This location will be identified in the site-specific IDWMP.  The Navy 
will then verify whether or not the site contains listed hazardous wastes, as 
specified in 40 CFR 261.   

If the site does contain listed hazardous waste, the waste management subcontractor 
will dispose of the drummed soil as hazardous waste at a regulated hazardous 
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waste landfill.  If the site does not contain listed hazardous wastes, the waste 
management subcontractor will collect composite soil samples from the drums and 
submit the samples to an approved laboratory for the waste characterization 
analyses required by the proposed disposal facility.  The drums will remain at the 
temporary location until the waste management subcontractor and the 
environmental contractor receive the characterization sampling analytical results.  
The wastes must be handled and disposed of within 90 days of being  

stockpiled at the temporary location.  For planning purposes, IDW will be stored at 
the Base for a maximum of 60 days in order to ensure compliance with the 90-day 
accumulation time. 

Upon the receipt of these results, the environmental contractor will formulate a 
preliminary assessment of any potential hazards posed by the IDW and submit 
waste management recommendations to the Navy and, if requested by the Navy, to 
the U. S. Environmental Protection Agency (USEPA) and Virginia state regulators .   
Recommendations will be based on the analytical results of soil and groundwater 
sampling conducted during field activities and on the results of characterization 
sampling.  If the site’s soil and groundwater sampling analytical results are “clean”, 
and if the characterization sampling results do not contain listed hazardous wastes 
and are below Toxicity Characteristic Leaching Procedure (TCLP) and Resource 
Conservation and Recovery Act (RCRA) characteristic regulatory limits, the 
environmental contractor will recommend that the waste management subcontractor 
dispose of the soil at a non-hazardous waste disposal facility. 

If the composite soil samples from the drums contain contaminant concentrations 
above the regulatory limits, the drummed soil will be considered hazardous.  The 
waste management subcontractor will ship the hazardous waste to a regulated 
hazardous waste landfill where it will be either treated or stockpiled, as 
appropriate, and as directed by the Navy.  

The proposed steps for accumulating, handling, and disposing of  IDW soils and 
soil cuttings are as follows: 

1. If the existence of contamination at the site has either been confirmed or 
suggested from previous investigations, or if no previous site investigation 
has taken place, shovel soils and soil cuttings from the boring into 55-gallon 
drums. 

2. If previous investigations have confirmed that contamination does not exist 
at the site, return soils and soil cuttings directly into the boring from which 
they were removed. Excess cuttings will be spread on the ground surface 
near the boring from which they were removed or shoveled into 55-gallon 
drums if the boring is located in an area with a maintained lawn, asphalt, or 
concrete surface. 
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3. Stockpile drums in the area(s) designated by the Navy. 

4. Verify with the Navy whether or not the site contains listed hazardous 
wastes, as specified in 40 CFR 261.  If the site does contain listed hazardous 
wastes, as specified in 40 CFR 261, refer to step 9. 

5. Upon completion of field activities, if the site does not contain listed 
hazardous wastes, as specified in 40 CFR 261, notify the waste management 
subcontractor that drums are ready to be sampled for waste characterization. 

6. The subcontractor will collect composite samples from the drums and submit 
them to an approved off-site laboratory for the analyses required by the 
proposed disposal facility. 

7. Upon receipt of characterization results, write a memorandum to the Navy 
recommending whether to handle the soil as hazardous or non-hazardous 
waste. 

8. If the waste is considered non-hazardous, upon receipt of concurrence by the 
Navy, the waste management subcontractor will dispose of the soil in a non-
hazardous landfill. 

9. If the waste is considered hazardous, upon receipt of concurrence by the 
Navy, the waste management subcontractor will dispose of the waste at a 
regulated hazardous waste landfill where it will either be treated or 
stockpiled, as designated by the Navy.  The Navy will be responsible for 
signing all manifests. 

2.1.2 Non-soil Solids 
The disposable personal protective equipment used by the environmental 
contractor’s field personnel and their subcontractors will be placed in 55-gallon steel 
drums.  Examples of PPE to be contained include nitrile gloves, tyveks, rubber 
boots, and respirator cartridges.  Any expendable items that were used during 
sampling will also be contained in drums, such as in-line water filters, C-flex tubing, 
and paper towels.  Drums will be sealed and labeled appropriately. 

The PPE will be bagged and drummed pending receipt of sampling analytical 
results.  If the sampling analytical results indicate that the site’s soil and 
groundwater are non-hazardous, the PPE and sampling expendable items will be 
placed in marked bags and discarded in dumpsters.  If sampling analytical results 
indicate that the site’s soil and groundwater are hazardous, the handling and 
disposal procedures of PPE and sampling expendable items will be identical to 
those that apply for hazardous soils and soil cuttings.  
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2.2 Liquid IDW 
Groundwater as IDW will be produced during monitoring well development and 
groundwater purging and sampling.  Groundwater will be contained in 55-gallon 
drums, bladders, or other types of approved containers if previous investigations 
have either confirmed or suggested the existence of contamination at the site, or if 
investigations have not yet been conducted at the site .  In addition, water generated 
during decontamination processes and excessive liquids that separated from soil 
cuttings will be added to drums containing groundwater IDW.  Drums will be 
sealed and appropriately labeled. 

If groundwater is extracted from a background location where contamination is not 
expected, or if previous investigations have confirmed that contamination does not 
exist at the site, the groundwater will not be contained during field activities. 

At the conclusion of field activities, drums containing liquid IDW will be 
temporarily stockpiled at a location designated by Navy personnel.  The contained 
wastes must be disposed of within 90 days of being stockpiled at the temporary 
location.  For planning purposes, IDW will be stored at the Base for a maximum of 
60 days in order to ensure compliance with the 90-day accumulation time. 

The Navy will then verify whether or not the site contains listed hazardous wastes, 
as specified in 40 CFR 261.  If the site does contain listed hazardous waste, the waste 
management subcontractor will dispose of the liquid IDW as hazardous waste at a 
regulated hazardous wastewater treatment facility where it will be treated until it 
meets standards for disposal as appropriate, and as directed by the Navy.   

If the site does not contain listed hazardous wastes, the environmental contractor 
will formulate a preliminary assessment of any potential hazards posed by the IDW 
and submit waste management recommendations to the Navy and, if requested by 
the Navy, to the EPA.  Recommendations will be based on the analytical results of 
groundwater sampling conducted during field activities.  If the site’s groundwater 
sampling analytical results are “clean”, the environmental contractor will 
recommend that the liquid IDW be discharged to the industrial wastewater 
treatment facility.   

If the groundwater sampling results contain contaminant concentrations above 
regulatory limits, the drummed water will be considered hazardous.  The waste 
management subcontractor will ship the liquid IDW to a regulated hazardous 
wastewater treatment facility where it will be treated until it meets standards for 
disposal as appropriate, and as directed by the Navy. 

The proposed steps for accumulating, handling, and disposing of  IDW liquids are 
as follows: 
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1. If previous investigations have either confirmed or suggested the existence of 
contamination at the site, or if investigations have not yet been conducted at the 
site, groundwater will be contained in 55-gallon drums.  In addition, water 
generated during decontamination processes and excessive liquids that 
separated from soil cuttings will be added to drums containing groundwater 
IDW.  The drums will be sealed and appropriately labeled. 

2. If groundwater is extracted from a background location where contamination is 
not expected, or if previous investigations have confirmed that contamination 
does not exist at the site, groundwater will not be contained during field 
activities. 

3. Stockpile drums in the area(s) designated by the Navy. 

4. Verify with the Navy whether or not the site contains listed hazardous wastes, as 
specified in 40 CFR 261.  If the site does contain listed hazardous wastes, refer to 
step 7. 

5. If the site does not contain listed hazardous wastes, the environmental contractor 
will write a memorandum to the Navy recommending whether to handle the 
drummed water as hazardous or non-hazardous waste.  The recommendations 
will be based on results of groundwater sampling conducted during field 
activities. 

6. If the waste is considered non-hazardous, upon receipt of concurrence by the 
Navy, the waste management subcontractor will haul the liquid IDW to the 
industrial wastewater treatment facility. 

7. If the waste is considered hazardous, upon receipt of concurrence by the Navy, 
the waste management subcontractor will haul the liquid IDW to a regulated 
hazardous wastewater treatment facility where it will be treated until it meets 
standards for disposal as appropriate, and as directed by the Navy.  The Navy 
will be responsible for signing all manifests.  
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SECTION 3.0 

General Considerations 

General considerations pertinent to the generation and handling of IDW are 
documented below.  These include the minimization of waste volume, drum 
labeling and storage, and disposal and manifesting protocol.  LANTDIV EIC, the 
SJCA Regional Engineer, the SJCA Base Civil Engineer, and SJCA security will be 
notified of the number, content, and location of drums on the Annex.  

3.1 Minimization of IDW Volume 
To minimize the volume of IDW soil generated during drilling, cuttings will be 
used to backfill the boreholes from which they were removed when previous 
investigations have confirmed that contamination does not exist at the site.  Only 
excess cuttings will then be contained as IDW. 

IDW soil generated during trenching will be minimized by backfilling the trench 
pits with soil that was extracted from them during the excavation process.  Excess 
soil will be graded with a backhoe in the vicinity of the filled trench.  

To minimize the volume of IDW groundwater, only the minimum volume of 
discharge purge water necessary to stabilize the pH, conductivity, temperature, and 
other parameters, will be purged from wells.  In addition, groundwater will not be 
contained if extracted from a background location where contamination is not 
expected, or if previous investigations have confirmed that contamination does not 
exist at the site. 

3.2 Labeling Drums 
Each 55-gallon drum containing IDW will be labeled with the following 
information:  the type of IDW (groundwater, soil, PPE, etc.), the date the drum was 
filled and sealed, a brief warning not to handle the drum or its contents without 
permission from St. Juliens Creek Annex, and the name and phone number of the 
LANTDIV Navy Technical Representative for SJCA.  The following is an example of 
the information to be included on each drum: 

Investigation Derived Wastes 
Purge Water from Site 2 - MW1 

4-8-99 
Do Not Handle - Analysis Pending 

Mr. Tim Reisch, LANTDIV Code 1822 
(757) 322-4758 
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3.3 Storing IDW 
Drums containing IDW will be stockpiled at an on-site location designated by Navy 
personnel, pending the receipt of characterization and sampling analytical results.  
This location will be identified in the site-specific IDWMP.  The drums must be 
covered and stored on pallets .  The contained wastes must be disposed of within 90 
days of being stockpiled at the temporary location.  For planning purposes, IDW 
will be stored at the Annex for a maximum of 60 days in order to ensure compliance 
with the 90-day accumulation time. 

3.4  Waste Disposal and Manifesting 
Upon the receipt of characterization and sampling analytical results, the 
environmental contractor will assess the potential hazards posed by the IDW and 
submit waste management recommendations to the Navy.  If the test results indicate 
that the IDW is not a listed or characteristic hazardous waste, the environmental 
contractor will recommend that soil be disposed of at a non-hazardous landfill, that 
water be disposed of at an industrial wastewater treatment plant, and that PPE and 
sampling expendable items be disposed of in a trash dumpster for disposal with 
other non-hazardous trash generated at the Annex.  

If the test results or the Navy indicates that the IDW is generated from a site that 
contains a listed or characteristic hazardous waste, the environmental contractor will 
recommend that the soil, water, and PPE be manifested, handled, treated, and 
disposed of as a hazardous waste by a waste management subcontractor.  The waste 
management subcontractor will prepare manifests for a completeness review by the 
environmental contractor.  The Navy will be responsible for signing all manifests. 
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introduction 
The health and safety of site personnel and the public are a primary concern during 
investigative and remedial activities at potentially hazardous sites. This Master Health and 
Safety Plan (HASP) presents the conditions and hazards known or anticipated to be present 
at the RI/FS and, potentially, SSA sites at St. Juliens Creek Annex to Naval Base, Norfolk (St. 
Juliens Creek Annex). This Master HASP will be used by CDM Federal to identify and 
mitigate potential site and task-specific hazards and to select appropriate health and safety 
protective measures to be used during future tasks and operations on Base. 

This Master HASP has been developed based on available information pertaining to St. 
Juliens Creek Annex and contains information pertinent to the general conditions on the 
Base such as general site information, hazard evaluation and control, personnel 
responsibilities and requirements, a general description of personal protective equipment, 
customary decontamination procedures, and emergency response procedures. A site- 
specific HASP will be written each time task orders and field activities are initiated at an 
area of investigation. The site-specific HASP will address specific sites and incorporate new 
information in the areas of site tasks, environmental hazards, site control procedures, 
personal protective equipment (PPE), and environmental monitoring. Information to be 
included in the site-specific HASP is outlined in the HASP site-specific checklist, located in 
Attachment A of the Master WI?. As field programs proceed, this Master HASP will be 
periodically evaluated (every one year at a minimum) against current information and Base 
concerns. As significant changes are presented, this Master HASP will be updated. 

Policy 
On-site hazardous waste management activities will be performed in conformance with both 
the Master HASP and a site-specific HASP. Both documents are written based on the 
anticipated hazards and expected work conditions and apply to field activities to be 
performed under this Contract. Applicability of this Master HASP and the site-specific 
HASP extends to all CDM Federal employees and visitors entering the site. CH2M HILL 
subcontractors must follow an established health and safety plan; in most cases either 
adopting this master plan with appropriate site-specific HASP (e.g. surveyor), or adopting 
same and amending both with safety and/or health requirements specific to their work (e.g. 
driller). Subcontractor-authored HASPS must be reviewed by the Project Health and Safety 
Officer (PHSO) before commencing on-site work. This information will then become part of 
the site-specific HASP. On-site personnel must review the Master HASP and the site- 
specific HASP and sign an agreement to comply with its provisions prior to commencing on- 
site work. The Master HASP and site-specific HASP are considered operational documents 
which are subject to revisions in response to various site-specific conditions which may be 
encountered. However, they may be modified/updated only with the approval of the PHSO 
and Project Manager. Proper notification will be given to the Atlantic Division, Naval 
Facilities Engineering Command (LANTDIV) Navy Technical Representative (NTR) when 
significant changes to the HASPS are implemented. 

This Master HASP, in combination with each site-specific HASP will, at a minimum, meet 
the requirements under OSHA Standard 29 Code of Federal Regulations (CFR) 1910.120 
(Hazardous Waste Operations and Emergency Response). 
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., “.- Pre-Entry Requirements 
During site mobilization, the Site Health and Safely Officer (SHSO) or delegate will perform 
a reconnaissance of each site as identified in the site-specific Work Plan (WI?) to evaluate and 
determine the chemical, physical, and environmental hazards; establish or confirm 
emergency points of contact and procedures; and review any other issues deemed necessary 
to address site safety and health. The SHSO, or delegate, will then conduct a health and 
safety briefing with the site personnel to discuss data obtained from the previous site 
reconnaissance, provisions outlined in this Master HASP and site-specific HASP, and 
appropriate safety and health related procedures and protocols. 
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MASTER HEALTH AND SAFETY PLAN 

This HASP will be kept on the site with the site-specific addendum during field activities and will 
be reviewed and updated as necessary. The plan adopts, by reference, the standards of practice 
(SOP) in the CDM Federal Program Corporafion Corporate Health and Safe& P7og7m2, March 1995 (or 
most recent revision). The site safety coordinator (SSC) is to be familiar with this program and the 
content of the HASP and the site-specific addendum. Site personnel must sign Attachment 1. 

1 PROJECT INFORMATION AND DESCRIPTION 

REFER TO THE SITE-SPECIFIC HASP FOR ADDITIONAL INFORMATION 

CLIENT OR OWNER: Department of the Navy PROJECT NO: 
Atlantic Division 

CH2M HILL PROJECT MANAGER: M. Tilchin OFFICE: WDC 

SITE NAME: St. J&ens Creek Annex 

SITE ADDRESS: Chesapeake, Virginia 

DATE HEALTH AND SAFETY PLAN PREPARED: October, 1998 

DATE 6) OF SITE WORK: Dates of site work will be supplied in site-specific work plans 

SITE ACCESS: All sites at St. Juliens Creek Annex are accessed through the Main Gate of the Base. 

SITE SIZE: St. Juliens Creek Annex is located on 490 acres of land at the confluence of St. Juliens 
Creek and the South Branch of the Elizabeth River. 

SITE TOPOGRAPHY: The facility is bordered to the north by the Norfolk and Western 
Railroad, the City of Portsmouth, and residential areas, to the west by residential areas, to 
the south by St. J&ens Creek, and to the east by the south branch of the Elizabeth River. 
According to the U. S. Geological Survey (USGS) Norfolk South Quadrangle topographic 
map, in 1982 a large industrial waste pond was located adjacent to the property boundary in 
the northeast portion of the Annex. Most of the surrounding areas are developed, and 
include residences, schools, recreational areas, and shipping facilities for several large 
industries. The Norfolk Naval Shipyard is located approximately three miles north. Some 
undeveloped areas are located in various areas surrounding the facility. 

PREVAILING WEATHER: The Chesapeake region is situated in a humid Mesothermal Forest 
climate that is characterized by long, hot surnmers and mild winters. Summer temperatures 
average in the high 80s during the day and high 60s during the night. Precipitation averages 
48 inches annually and is distributed evenly over the year; relative humidity averages 72%. 
Thunderstorms occur approximately 40 days per year, primarily during the summer months. 
The average annual snowfall is 8.8 inches. Winds are generally northeasterly and moderate, 
averaging 10 miles per hour. 

SITE DESCRIPTION AND HISTORY: The St. Juliens Creek Annex was originally an 
ammunitions facility. Activity at the Annex has decreased in conjunction with present 
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.>. national peacetime conditions. The current primary mission of the St. Juliens Creek Annex 
facility is to provide a radar testing range and various administrative and warehousing 
facilities for the nearby Norfolk Naval Shipyard and other local Navy activities. 

The St. Juliens Creek Annex began operations as a naval facility in 1849. At that time, the 
area, known as Fort Norfolk, was transferred from the War Department to the Navy 
Department for use as a storage facility for ordnance and materials. The facility was 
renamed Magazine, Fort Norfolk. In 1896, the facility gained an additional 48 acres to 
accommodate additional magazines, wharves, housing, and administration buildings. In 
1898, ordnance material and equipment were moved from Craney Island to the Magazine; 
the facility was renamed U.S. Arsenal, St. Juliens Creek. 

In 1902, the name was changed to U.S. Naval Magazine, St. Juliens Creek. The Magazine 
was at that time fully operational and provided critical support to the fleet during the end of 
the Spanish-American War. 

In 1915, manually operated machines were replaced by modernized motor-powered 
machines. In 1917, the facility installed equipment for loading MARK VI mines. The 
facility’s name was changed again, to Naval Ammunition Depot (NAD), St. Juliens Creek, 
and operated under the Commandant Fifth Naval District. 

Between World War I and World War II, the facility assumed a peacetime mission of 
supplying ammunition to the fleet. 

--, 

The facility operated at its peak level from 1942 to 1944, during World War II. An additional 
119 acres of land were purchased, and additional magazines, filling houses, and other 
facilities were constructed. A fence was erected to secure the facility. The mission of NAD 
St. Juliens Creek during World War II included loading, assembling, issuing, and receiving 
naval gun ammunition. The depot also served as the principal experimental and test loading 
facility for new ammunition types for the Bureau of Ordnance. 

The depot also supplied ammunition during the Korean War. After the war, the depot again 
resumed its mission of peacetime service to the fleet. In 1964, the depot was the prime 
source of gun ammunition for Navy and Marine Corps operations in Southeast Asia. 

In October 1969, after 50 years as an independent facility, NAD St. Juliens Creek was 
disestablished under the Department of Defense “Project 703”, and was consolidated as an 
annex to the Naval Weapons Station, Yorktown, Virginia. On October 1,1977, the Annex 
was transferred to the Norfolk Naval Shipyard. 

The Norfolk Naval Shipyard transferred the Annex to Naval Base, Norfolk in July 1995. The 
Class II property on the Annex was transferred from Naval Base to Naval Station in April 
1996. 

Currently, the St. Juliens Creek Annex provides administrative offices, light industrial shops 
and storage facilities for tenant naval commands, and a radar testing range for the nearby 
Norfolk Naval Shipyard and other local Navy activities. 
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2 PROJECT ORGANIZATION AND TASKS TO BE PERFORMED UNDER THIS PLAN 

2.1 PROJECT ORGANIZATION 

REFER TO SITE-SPECIFIC HASP FOR ADDITIONAL INFORMATION 

CLIENT: Department of the Navy 
Atlantic Division 
Naval Facilities Engineering Command 

CDM FEDERAL: Project Manager: Dave Schroeder 
Field Team Leader: 
Field Staff: 

CONTRACTORS and SUBCONTRACTORS: To be included in site-specific addendum to this 
master HASP. 

2.2 DESCRIPTION OF TASKS 

Refer to site-specific addenda (i.e., work plan, field sampling plan) for detailed task information. A 
health and safety risk analysis has been performed for each task and is incorporated in the site-specific 
addendum to this plan through task-specific hazard controls and requirements for monitoring and 
protection. Tasks in addition to those listed below and in the site-specific addendum require an 
approved amendment before additional work begins. Refer to Section 10.2 for procedures related to 
tasks that do not involve hazardous waste operations and emergency response (Hazwoper). 

2.2.1 HAZWOPER-REGULATED TASKS 

. Test pit and excavation 

. Soil boring installation 

. Geoprobe boring 

. Geophysical surveys 

. Hand augering 

. Subsurface soil sampling 

. Surface soil sampling 

. Soil gas surveys 

. Sediment sampling 

. Monitoring well/drive point installation 

. Observation of loading of material for offsite disposal 

. Oversight of remediation and construction 

Monitoring well abandonment 
Groundwater sampling 
Aquifer testing 
Hydrologic measurements 
Surface water sampling 
Biota sampling 
Investigation-derived waste (drum) sampling and 
disposal 

2.2.2 NON-HAZWOPER-REGULATED TASKS 

Under specific circumstances, the training and medical monitoring requirements of federal or state 
Hazwoper regulations are not applicable. It must be demonstrated that the tasks can be performed 
without the possibility of exposure in order to use non-Hazwoper-trained personnel. Prior approval 
from the HSM is required before these tasks are conducted on regulated hazardous waste sites. 
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TASK 
l Electrical installation 

RESTRICTIVE CONDITIONS 

l Iron work (installing rebar) 
l Masonry work 

l General heavy equipment work 
(excavation, grading, etc.) 

l Mechanical installations 
(equipment, pumps, etc.) 

l Engineering testing/evaluation 

l Building construction 

THESE TASKS ARE NOT CURRENTLY PLANNED, AND 
MUST BE ADDRESSED IN THE SITE-SPECIFIC HASP. 
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3 HAZARD EVALUATION AND CONTROL 

This section discusses the evaluation and control of some hazards typically associated with St. J’uliens 
Creek Annex. Each new task or area of investigation may introduce other hazards not listed in this 
HASP. 

REFER TO THE SITE-SPECIF’IC HASP FOR INFORMATION ON OTHER POTENTIAL HAZARDS 

3.1 HEAT AND COLD STRESS (Reference, Section 13, Temperature Extremes, CDM .Federal 
Programs Corporation, Corporate Health and Safety Program) 

3.1.1 PREVENTING HEAT STRESS 

. Drink 16 ounces of water before beginning work, such as in the morning or after lunch. Disposable 
(e.g., 4-ounce) cups and water maintained at 50” to 60°F should be available. Under severe 
conditions, drink 1 to 2 cups every 20 minutes, for a total of 1 to 2 gallons per day. Take regular 
breaks in a cool, preferably air-conditioned, area. Do not use alcohol in place of water or other 
nonalcoholic fluids. Decrease your intake of coffee and caffeinated soft drinks during workring 
hours. Monitor for signs of heat stress. 
Acclimate to site work conditions by slowly increasing workloads; e.g., do not begin site work with 
extremely demanding activities. 
Use cooling devices, such as cooling vests, to aid natural body ventilation. The devices add 
weight, so their use should be balanced against efficiency. 
Use mobile showers or hose-down facilities to reduce body temperature and cool protective 
clothing. 
During hot weather, conduct field activities in the early morning or evening if possible. 
Provide adequate shelter to protect personnel against radiant heat (sun, flames, hot metal), which 
can decrease physical efficiency and increase the probability of heat stress. 
In hot weather, rotate shifts of workers. 
Maintain good hygiene standards by frequently changing clothing and by showering. Clothing 
should be permitted to dry during rest periods. Persons who notice skin problems should consult 
medical personnel. 

3.1.2 SYMPTOMS AND TREATMENT OF HEAT STRESS 

Heat Syncope Heat Rash Heat Cramps Heat Heat Stroke 
(mihia rubra, Exhaustion 
“prickly heat”) 

. 
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Signs and 
symptoms 

3.1.2 SYMPTOMS AND TREATMENT OF HEAT STRESS 

Sluggishness Profuse tiny Painful Fatigue, Red, hot, dry skin; 
or fainting raised red spasms in nausea, dizziness; confusion; and 
while blister-like muscles used headache, rapid breathing and pulse. 
standing vesicles on during work giddiness; 
erect or affected areas, (arms, legs, skin clammy 
immobile in along with or abdomen); and moist; 
heat. prickling onset during complexion 

sensations or after work pale, muddy, 
during heat hours. or flushed; 
exposure. may faint on 

standing; 
rapid thready 
pulse and 
low blood 
pressure; oral 
temperature 
normal or 
low 

Treatment Remove to Use mild Remove to Remove to Call ambulance, and get 
cooler area. drying lotions cooler area. cooler area. medical attention 
Rest lying and powders, Rest lying Rest lying immediately! While 
down. and keep skin down. down, with awaiting the ambulance, 
Increase fluid clean for Increase fluid head in low cool the victim rapidly by 
intake. drying skin intake to 1-2 position. soaking in cool-but not 
Recovery and cups water Administer cold-water. Move the 
usually is preventing every 20 fluids by victim to a shaded area 
prompt and infection. minutes. mouth. Seek and remove clothing. If 
complete. medical victim is conscious, 

attention. provide them with small 
amounts of cool liquids. 

3.1.3 HEAT-STRESS MONITORING 

For field activities part of ongoing site work activities in hot weather, the following procedures should 
be used to monitor the body’s physiological response to heat and to estimate the work-cycle/rest-cycle 
when workers are performing moderate levels of work. These procedures should be considered when 
the ambient air temperature exceeds 70”F, the relative humidity is high(>50%), when workers are 
wearing semi-impermeable or impermeable clothing, or when the workers exhibit symptoms of heat 
stress. 

The heart rate should be measured by the radial pulse for 30 seconds, as early as possible in the resting 
period. The HR at the beginning of the rest period should not exceed 110 beats/minute, or 
20 beats/minute above resting pulse. If the HR is higher, the next work period should be shortened by 
33 percent, while the length of the rest period stays the same. If the pulse rate still exceeds 
110 beats/minute at the beginning of the next rest period, the following work cycle should be further 
shortened by 33 percent. The procedure is continued until the rate is maintained below 
110 beats/minute, or 20 beats/minute above resting pulse. Additional methods of monitoring, such as 
weighing individuals before and after their shift could also be included. 

See Section 13, Temperature Extremes, CDM Federal Programs Corporation, Corporate Health and Safety 
Program) for additional monitoring procedures. 
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,/” --% 3.1.4 PREVENTING COLD STRESS 

. Be aware of the symptoms of cold-related disorders, and wear proper clothing for the anticipated 
fieldwork. 

. Consider monitoring the work conditions and adjusting the work schedule, using guidelines 
developed by the U.S. Army (wind-chill index) and the National Safety Council (NSC). 

. Wind-Chill Index. This measure relates the dry bulb temperature and the wind velocity. It is 
used only to estimate the combined effect of wind and low air temperatures on exposed skin. 
The wind-chill index sometimes is limited in its usefulness because the index does not take into 
account the body part that is exposed, the level of activity, or the amount or type of clothing 
worn. For those reasons, it is used only as a guideline to warn workers when they are in a, 
situation that can cause cold-related illnesses. Used in conjunction with the NSC guidelines, the 
wind-chill index provides a starting point for adjusting work and warm-up schedules. 

. NSC Guidelines for Work and Warm-Up Schedules. The cold-exposure limits recommended by 
the NSC can be used in conjunction with the wind-chill index to estimate work and warm-up 
schedules for fieldwork. The guidelines are not absolute; workers should be monitored for 
symptoms of cold-related illness. If symptoms are not observed, the work duration can be 
increased. 

. The wind-chill index and the NSC guidelines are found in Section 13 of CDM Federal Programs 
Corporation, Corporate Health and Safety Program) and will be reproduced in the Site specific HASPS 
as appropriate. 

3.1.5 SYMPTOMS AND TREATMENT OF COLD STRESS 

, ., Immersion 
(Trench) Foot 

Frostbite Hypothermia 

Signs and 
Symptoms 

Treatment 

Feet discolored and Blanched, white, waxy skin, but Shivering, apathy, sleepiness; 
painful; infection tissue resilient; tissue cold and rapid drop in body 
and swelling pale. temperature; glassy stare; slow 
present. pulse; slow respiration. 

Seek medical Remove victim to a warm place. Remove victim to a warm 
treatment Rewarm area quickly in warm- place. Have victim drink 
immediately. but not hot-water. Have victim warm fluids, but not coffee or 

drink warm fluids, but not coffee alcohol. Get medical attention. 
or alcohol. Do not break blisters. 
Elevate the injured area, and get 
medical attention. 

3.2 PROCEDURES FOR LOCATING BURIED UTILITIES 

Local Utility Mark-Out Service 
Name: Miss Utilities l-800-552-7001 

Mr. Paul Christopher, St. Juliens Creek POC 757-367-8308 (pager) 

. Where available, obtain utility diagrams for the facility. 

. Review locations of sanitary and storm sewers, electrical conduits, water supply lines, 
natural-gas lines, and fuel tanks and lines. 

. Review proposed locations of intrusive work with facility personnel knowledgeable of 
locations of utilities. Check locations against information from utility mark-out service. 

. Where necessary, clear locations with a utility-locating instrument (e.g., metal detector). 

. Where necessary (e.g., uncertainty about utility locations), excavation or drilling of the 
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upper depth interval should be performed manually. 
. Monitor for signs of utilities during advancement of intrusive work (e.g., sudden 

change in advancement of auger or split spoon). 
. When the client or other onsite party is responsible for determining the presence and 

locations of buried utilities, the SSC should confirm that arrangement. 
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3.4 BIOLOGICAL HAZARDS AND CONTROLS 

Hazard and Location Control Measures 

Snakes typically are found in 
underbrush and tall grassy areas. 

If you encounter a snake, stay calm and look around; there 
may be other snakes. Turn around and walk away on the 
same path you used to approach the area. If a person is bitten 
by a snake, wash and immobilize the injured area, keeping it 
lower than the heart if possible. Seek medical attention 
immediately. DO NOT apply ice, cut the wound, or apply a 
tourniquet. Carry the victim or have him/her walk slowly if 
the victim must be moved. Try to identify the type of snake: 
note color, size, patterns, and markings. 

Poison ivy, poison oak, and poison 
sumac typically are found in brush or 
wooded areas. They are more 
commonly found in moist areas or 
along the edges of wooded areas. 

Become familiar with the identity of these plants. Wear 
protective clothing that covers exposed skin and cloihes. 
Avoid contact with plants and the outside of protective 
clothing. If skin contacts a plant, wash the area with soap and 
water immediately. If the reaction is severe or worsens, seek 
medical attention. 

Exposure to bloodborne pathogens 
may occur when rendering first aid or 
CPR, or when coming into contact with 
medical or other potentially infectious 
material, or when coming into contact 
with landfill waste or waste streams 
containing such infectious material. 

I. N 
Bees and other stinging insects may 
be encountered almost anywhere and 
may present a serious hazard, 
particularly to people who are allergic. 

Training is required before a task involving potential exposure 
is performed. Exposure controls and personal protective 
equipment (PPE) are required as specified in CH2M HILL SOP 
HS36, B2oodbo77ze Pathogens. Hepatitis B vaccination must be 
offered before the person participates in a task where exposure 
is a possibility. 

Watch for and avoid nests. Keep exposed skin to a minimum. 
Carry a kit if you have had allergic reactions in the pa.st, and 
inform the SSC and/or the buddy. If a stinger is present, 
remove it carefully with tweezers. Wash and disinfect the 
wound, cover it, and apply ice. Watch for allergic reaction; 
seek medical attention if a reaction develops. 
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3.5 TICK BITES 

Ticks typically are in wooded areas, bushes, tall grass, and brush. Ticks are black, black and red, 
or brown and can be up to one-quarter inch in size. 

Prevention against tick bites includes avoiding tick areas; wearing tightly woven light-colored 
clothing with long sleeves and wearing pant legs tucked into boots or socks; spraying only 
outside of clothing with insect repellent containing permethrin or permanone, and spraying skin 
with DEET; and checking yourself frequently for ticks and showering as soon as possible. To 
prevent chemical repellents from interfering with sample analyses, exercise care while using 
repellents during the collection and handling of environmental samples. 

If bitten by a tick, carefully remove the tick with tweezers, grasping the tick as close as possible to 
the point of attachment while being careful not to crush the tick After removing the tick, wash 
your hands and disinfect and press the bite area. The removed tick should be saved. Report the 
bite to human resources personnel. 

Look for symptoms of Lyme disease or Rocky Mountain spotted fever (RMSF). Lyme: a rash that 
looks like a bullseye with a small welt in the center. Rh4SF: a rash of red spots under the skin 3 to 
10 days after the tick bite. In both cases, chills, fever, headache, fatigue, stiff neck, bone pain may 
develop. If symptoms appear, seek medical attention. 

3.6 RADIOLOGICAL HAZARDS AND CONTROLS 

Hazards Controls 

NONE ANTICIPATED NONE REQUIRED 
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3.7 HAZARDS POSED BY CHEMICALS BROUGHT ON THE SITE 

This section discusses hazards posed by chemicals commonly used during RI/FS and SSA field activities. 
Additional chemicals may be needed for future tasks. 

REFER T 0 THE SITE-SPECIFIC ADDENDUM FOR INFORMATION ON HAZARDS 
POSED BY OTHER CHEMICALS BROUGHT ON SITE 

3.7.1 HAZARD COMMUNICATION 

(Reference Section 10 of CDM Federa Programs Corpomtion, Corporate HeaZth and Safety 
Program) 

CDM Federal’s Hazard Communication Program is described in Section 10 of CDM Federal F’rograms 
Corporation, Corporate Health and Safety Program which is available from area or regional offices and 
from the Corporate Human Resources Department in Fairfax, Virginia. The project manager is to request 
Material Safety Data Sheets (MSDSs) from the client or from the contractors and the subcontractors for 
chemicals to which CDM Federal employees potentially are exposed. The SSC is to do the following: 

. Give employees required site-specific HAZCO training. 

. Confirm that the inventory of chemicals brought on the site by subcontractors is availab1.e. 

. Before or as the chemicals arrive on the site, obtain an MSDS for each hazardous chemical. 

. Label chemical containers with the identity of the chemical and wi$ hazard warnings, if any. 

The chemical products listed below may be used on site. Refer to Attachment 2 for MSDSs. 

Chemical Quantity Location 

Methane (calibration gas) 

Isobutylene (calibration gas) 

Pentane (calibration gas) 

Hydrochloric Acid (sample 
preservative) 

Nitric Acid (sample preservative) 

Sulfuric Acid (sample preservative) 

Sodium Hydroxide (sample 
preservative) 

Methanol (decontamination solvent) 

Hexane (decontamination solvent) 

Isopropanol (decontamination 
solvent) 

pH Buffers (calibration standard) 

MSA Sanitizer (respirator cleaner) 

Alconox/Liquinox (detergent) 

1 liter, compressed gas 

1 liter, compressed gas 

1 liter, compressed gas 

<sooml 

< 500 ml 

<5oornl 

<5ooml 

< 1 gallon 

< 1 gallon 

< 1 gallon 

<5ooml 

c 1 liter, powder 

< 1 liter, powder/liquid 

Support Zone 

Support Zone 

Support Zone 

Support/Exclusion Zone 

Support/Exclusion Zone 

Support/Exclusion Zone 

Support/Exclusion Zone 

Support/Decontamination Zone 

Support/Decontamination Zone 

Support/Decontamination Zone 

Support Zone 

Support/Decontamination Zone 

Support/Decontamination Zone 

3.7.2 SHIPPING AND TRANSPORTATION OF CHEMICAL PRODUCTS 
(Reference CDM Federal’s Guidancefir Shipment ofHazardous Materials) 

Nearly all chemicals brought to the site are considered hazardous materials by the U.S. Department of 
Transportation (DOT). All hazardous materials that are shipped (e.g., via Federal Express) or are 
transported by road must be properly identified, labeled, packed, and documented by trained staff. 
Contact the Corporate HSM or the Equipment Coordinator for additional information. 
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113.8 POTENTIAL CONTAMINANTS (REFER TO PROJECT FILES FOR MORE-DETAILED CONTAMINANT INFORMATION) 

Contaminant 

Acetone 

Arsenic 

Beryllium 

BHC (Lindane) 

Cadmium 

Carbon Tetrachloride 

Chlordane 

Location and 
Highest” 

Concentration 

(PPm) 

GW: 
SB: 

ss: 

GW: 
SB: 
ss: 

GW: 
SB: 
ss: 

GW: 
SB: 
ss: 

GW: 
SB: 
ss: 

GW: 
SB: 
Ss: 

GW: 
SB: 
ss: 

Exposure 
Limitb 

250 ppm 

0.01 mg/m3 

0.025 mg/m3 

0.5 mg/m” 

NJ4 

0.005 mg/m3 

2 PPm 

0.5 mg/m3 

IDLH’ 

20,000 

PPm 

5 

Ca 

10 mg/m” 

Ca 

1000 

mg/m” 

9 

Ca 

200 

Ca 

100 

Ca 

Symptoms and Effects of Exposure 

Irritation of eyes, nose, throat, headache, dizziness. 

Ulceration of nasal septum, respiratory irritation; dermatitis; 
gastrointestinal disturbances; peripheral neuropathy, 
hyperpigmentation 

Respiratory Symptoms, weakness fatigue 

Irritation of eyes, nose, throat, skin; headache, nausea, resp. 
difficulty, cyan.; muscle spasm. 

Pulmonary edema, coughing, chest tightness/pain, 
headache; chills, muscle aches, nausea, vomiting, diarrhea; 
difficulty breathing; loss of sense of smell; emphysema; mild 
anemia 

Central nervous system (CNS) depression; nausea; vomiting; 
eye and skin irritation; liver and kidney injury, drowsiness; 
dizziness. 

Blurred vision, confusion, ataxia, delirium, coughing, 
abdominal pain, nausea, vomiting, diarrhea, irritability, 
tremors, anuria 

PIP4 
(eV) 

9.69 

NA 

9.24 

NA 

NA 

11.47 

UK 
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3.8 POTENTIAL CONTAMINANTS (REFER TO PROJECT FILES FOR MORE-DETAILED CONTAMINANT INFORMATION) 

Location and 
Highest” 

Concentration 

hvm) 

PIP4 
(eV) 

Exposure 
Limitb 

2 PP” 

IDLH’ 

500 

Ca 

Symptoms and Effects of Exposure 

Dizziness, mental dullness, nausea, confusion, 
disorientation, headache, fatigue, eye and skin irritation, 
anesthesia, enlarged liver 

Contaminant 

Chloroform 11.42 GW: 
SB: 
ss: 

GW: 
SB: 
ss: 

Irritated eyes, sensitization dermatitis, histologic fibrosis of 
lungs 

NA 0.5 mg/m” 

0.05 mg/m” 

Chromium (as Cr(I1) & Cr (III)) 

Chromium (hexavalent) 

25 

15 

Ca 

Irritated respiratory system; nasal septum perforation; liver 
and kidney damage; leucytosis; leupen; monocytosis; 
eosinophilla; eye injury, conjuctivitis; skin ulcer; sensitization 
dermatitis 

NA GW: 
SB: 
ss: 

Coughing; difficulty breathing; wheezing; decreased 
pulmonary function; diffuse nodule fibrosous; dermatitis; 
respiratory hypersensitivity; asthma 

0.05 mg/m” 

1 mg/m” 

NA Cobalt (Metal, Dusts, and 
Fumes) 

Copper (dust) 

GW: 
SB: 
ss: 

SB: 

ss: 

20 

NL Nasal perforation, metal taste. NA 

GW: 
SB: 
ss: 

0.5 mg/m” 500 

Ca 

Paresthesia of tongue, lips, hand, and face; tremors; 
dizziness; confusion; headache; fatigue; convulsions; eye and 
skin irritation; vomiting 

UK DDT 

Dieldrin 

Dinitrotoluene 

Headache, dizziness, vomiting, nausea, convulsions. NA 0.25 mg/m” 

1.5 mg/m” 

(skin) 

450 

mg/m’ 

250 

Ca 

GW: 
SB: 

ss: 

GW: 
SB: 
SS: 

Anoxia, cyan., anemia, jaundice. NA 

l,l-Dichloroethane GW: 
SB: 
ss: 

100 ppm 3,000 CNS depression, skin irritation; liver, kidney, and lung 
damage 

11.06 
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3.8 POTENTIAL CONTAMINANTS (REFER TO PROJECT FILES FOR MORE-DETAILED CONTAMINANT INFORMATION) 

Location and 
Highest” 

Concentration 

(PPm) 

Exposure 
Limitb 

PIP’ 
(eV) Contaminant IDLH’ Symptoms and Effects of Exposure 

Irritated skin, nausea, confusion, agitation, flushing, dry 
mouth, tremor, convulsion, headache 

Weakness, lassitude; facial pallor; pal eye; weight loss, 
malnutrition; abdominal pain, constipation; anemia; gingival 
lead line; tremors; paralysis of wrist and ankles; 
encephalopathy; kidney disease; irritated eyes; hypotension. 

Fatigue, weakness, sleepiness, numbness, nausea, irritation 
of eyes and skin. 

1 Endosulfan GW: 
SB: 
ss: 

0.1 mg/m’ NL UK 

GW: 
SB: 
ss: 

100 NA 0.05 mg/m3 Lead 

lvIethylene Chloride 11.35 GW: 
SB: 

ss: 

GW: 
SB: 
ss: 

500 ppm 5000 ppm 

Ca 

10 Mercury 0.05 mg/m’ Skin and eye irritation, cough, chest pain, difficult breathing, 
bronchitis, pneumonitis, tremors, insomnia, irritability, 
indecision, headache, fatigue, weakness, GI disturbance 

Eye irritation, headache, confusion, excitement, nausea, 
vomiting, abdominal pain, bladder irritation, profuse 
sweating, dermatitis, cornea1 damage, optical neuritis 

Eye and skin irritation, acne-form dermatitis, liver damage, 
reproductive effects 

Irritation of eyes, nose, throat; weakness; muscle ache; dark 
urine; cyan.; liver and kidney damage; skin burns. 

Dermatitis, bronchitis 

NA 

3.12 Vaphthalene GW: 
SB: 
ss: 

lo PPm 250 

PCBs GW: 
SB: 
ss: 

5 

Ca 

UK 0.5 mg/m3 

GW: 
SB: 
ss: 

5 PPm 250 ppm ?henol 3.5 

UK PNAs (Limits as Coal Tar Pitch) GW: 
SB: 
ss: 

80 

Ca 

0.2 mg/m3 
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3.8 POTENTIAL CONTAMINANTS (REFER TO PROJECT FILES FOR MORE-DETAILED CONTAMINANT INFORMATION) 

Contaminant 

Trichloroethylene 

Vinylidene Chloride 
(l,l-dichloroethylene) 

GW: 
SB: 
ss: 

l PPm NL 

Ca 

Eye, skin, and throat irritation; dizziness; headache; nausea; 
difficult breathing; liver and kidney dysfunction; 
pneumonitis 

UK 

Footnotes: 

a: Specify sample-designation and media: SB (Soil Boring), A (Air), D (Drums), GW (Groundwater), L (Lagoon), TK (Tank), SS (Surface Soil), SL 
(Sludge), SW (Surface Water), 
b: Appropriate value of I’EL, REL, or TLV listed 
c: IDLH = immediately dangerous to life and health (units are the same as specified “Exposure Limit” units for that contaminant); NL = No limit found 
in reference materials; CA = Potential 

Location and 
Highest” 

Concentration 

(PPm) 

GW: 
SB: 
ss: 

Exposure 
Limitb 

25 PPm 

/ 

IDLH’ 

1,000 

Ca 

Symptoms and Effects of Exposure 

Headache, vertigo, visual disturbance, eye and skin 
irritation, fatigue, giddiness, tremors, sleepiness, nausea, 
vomiting, dermatitis, cardiac arrhythmia, paresthesia, liver 
injury 

PIP4 
(eV) 

9.45 

occupational carcinogen 
d: PIP = photoionization potential; NA = Not applicable; UK = Unknown 
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3.9 POTENTIAL ROUTES OF EXPOSURE 

DERMAL: Contact with contaminated 
media. This route of exposure is minimized 
through proper use of PPE, as specified in 
Section 5. 

INHALATION: Vapors and 
contaminated particulates. This route of 
exposure is minimized through proper 
respiratory protection and monitoring, as 
specified in sections 5 and 6, respectively. 

OTHER: Inadvertent ingestion of contaminated media. This 
route should not present a concern if good hygiene practices 
are followed (e.g., wash hands and face before eating, 
drinking, or smoking). 
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4 PERSONNEL 
REFER TO SITE-SPECIFIC PLANS FOR ADDITIONAL FIELD PERSONNEL 

4.1 CDM FEDERAL EMPLOYEE MEDICAL SURVEILLANCE AND TRAINING 
(Reference Section 4.0, Medical Surveillance Program, CDM Federal Programs Corporation, Corporate 
Health and Safety Program) 

CDM Federal’s medical surveillance program is described in Section 4.0 of CDM Federal 
Programs Covpovation, Corporate Health and Safety Program. All CDM Federal employees 
working at the site will participate in the medial surveillance program. The program (consists 
of a combination of: (1) baseline, annual, interim, exit and return-to-work examinations; (2) 
services for the evaluation and follow-up of occupationally related injuries and illness,es; and 
(3) emergency medical services required to stabilize severely injured or ill patients prior to 
their transport to an offsite medical care facility. The Medical Surveillance Program is 
designed and administered by a board-certified occupational physician. 

All CDM Field personnel will be provided with a thorough, initial baseline medical 
examination to assess fitness for the job and to provide baseline health data for subsequent 
reference. During the medical examination, employees will be evaluated for their ability to 
wear respiratory protection and other protective equipment. 

Annual/interim medical examinations will be given every 12 months or more frequently if 
indicated by substandard performance; evidence of particular stress, or difficulty in u,sing 
personal respiratory protection; signs/symptoms of illness commonly associated with 
chemicals present at the site; or if employees are exposed wile unprotected. Site-specific 
contaminants may warrant specific biological monitoring. When these types of contaminants 
are identified, the contaminants and the work to be performed will be discussed with the 
Occupational Physician. 

4.2 CONTACTS 

4.2.1 CLIENT 

Client Contact Name: Mr.Tim Reisch, NTR 
Phone Number: (757) 322-4758 

Facility Contact Names 
and Phone Numbers: 

Mr. Leroy Eaves, Civil Engineering 
(757) 485-6574 
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4.2.2 CDM FEDERAL 

REFER TO THE SITE-SPECIFIC HASP FOR THE FOLLOWING INFORMATION: 

Project Manager/Phone: 
Health and Safety Manager (PHSO)/Phone: 
Field Team Leader/Phone: 
Site Safety Coordinator/Phone: 

Dave Schroeder (703) 968-0900 
Chuck Myers (703) 968-0900 

The SSC is responsible for contacting the field team leader and the project manager. In general, 
the project manager either will contact or will identify the client contact. The Health and Safety 
Manager (HSM) should be contacted as appropriate. The SSC or the project manager must notify 
the client and the HSM when a serious injury or a death occurs or when health and safety 
inspections by OSHA or other agencies are conducted. Refer to sections 10 through 12 for 
emergency procedures and phone numbers. 

4.2.3 SUBCONTRACTORS 

When specified in the project documents (e.g., contract), this plan may cover CH2M HILL 
subcontractors. However, this plan does not address hazards associated with tasks and 
equipment that the subcontractor has expertise in (e.g., operation of drill rig). Specialty 
subcontractors are responsible for health and safety procedures and plans specific to their work. 
Specialty subcontractors are to submit plans to CDM Federal for review and approval before the 
start of fieldwork. Subcontractors must comply with the established health and safety plan(s) and 
CDM Federal must monitor and enforce compliance with the established plan(s). 

REFER TO THE SITE-SPECIFIC HASP FOR THE FOLLOWING INFORMATION: 

Subcontractor: To be named later. 
Subcontractor Contact: 
Telephone: 

General health and safety communication with subcontractors contracted with CHZM HILL and 
covered by this plan is to be conducted as follows: 

. Request that the subcontractor, if a specialty subcontractor, submit a safety or health plan 
applicable to their expertise (e.g., drill-rig safety plan or nuclear density gauge [NDG] health 
plan); attach the reviewed plan. 

. Supply &bcontractors with a copy of this plan, and brief them on its provisions. 

. Direct health and safety communications to the subcontractor-designed safety representative 

. Notify the subcontractor-designated representative if a violation of the plan(s) is observed. 
Specialty subcontractors are responsible for mitigating hazards in which they have expertise. 

. If a hazard condition persists, inform the subcontractor. If the hazard is not mitigated, stop 
affected work as a last resort and notify the project manager. 

. When an apparent imminent danger exists, promptly remove all affected personnel. Notify 
the project manager. 

. Make clear that consistent violations of the health and safety plan by a subcontractor may 
result in termination of the subcontract. 
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4.2.4 CONTRACTORS 

This plan does not cover contractors that are contracted directly to the client or the owner. CDM. Federal 
is not responsible for directing contractor personnel and is not to assume responsibility through their 
actions. When the contractor is in control of the site, ask the contractor to conduct a briefing of their 
health and safety practices and to describe how they apply to CDM Federal’s activities. Request a copy 
of the contractor’s health and safety plan. 

REFER TO THE SITE-SPECIFIC HASP FOR THE FOLLOWING INFORMATION: 

Contractor: 
Contact Name: 
Telephone: 

General health and safety communication with contractors not contracted with CH2M HILL is 
listed below. These procedures can also be applied to other third party communications (e.g., 
client personnel). 

. Ask the contractor to brief CDM Federal on the contractor’s health and safety plan for how 
the plan affects CDM Federal employees on the site. 

. If acceptable to the client, communicate about health and safety directly with the 
contractor PM or other onsite contractor-designated representative. CDM Federal 
employees are not to direct the details of the contractor’s work or to advise on health and 
safety (e.g., how the contractor corrects unsafe conditions). 

. If an observed hazard poses a risk to CDM Federal personnel, notify the party controlling 
the work activity as soon as possible. Notify the project manager; the project manager will 
notify the client. Document oral notification in project records (i.e., the field logbook). 

. If a hazardous condition endangering a CDM Federal employee persists, inform the 
contractor and the project manager (the project manager will contact the client) that CDM 
Federal cannot execute the assigned work until the hazard is mitigated. 

. When an apparent imminent danger exists, orally warn the person(s) in danger and orally 
notify the contractor promptly. When an imminent danger involves a CDM Federal 
employee, remove the employee and suspend CDM Federal work immediately until the 
hazard has been mitigated. Inform the project manager and the contractor promptly. 

. The SSC or the project manager must notify the client and CDM Federal health and. safety 
staff when (1) the contractor fails to remedy an unsafe condition affecting CDM Federal 
personnel, (2) the contractor does not remedy the hazardous condition within a reasonable 
period of time, or (3) the contractor repeatedly creates the hazardous condition. 
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5 PERSONAL PROTECTIVE EQUIPMENT (PPE) (Reference Section 7, Personal Protective 
Equipment, CDM Federal Programs Corporation, Corporate Health and Safety Program) 

REFER TO THE SITE-SPECIFIC HASP FOR THE REQUIRED LEVEL OF 
PERSONAL PROTECTION TO USE DURING FIELD ACTIVITIES 

5.1 PPE SPECIFICATIONS 

Task Level Body Head Resuiratorb 

General work 
uniform when no 
chemical exposure 
is anticipated 

D Work clothes; steel-toe, steel- Hardhat’ None required 
shank leather work boots; work Safety glasses 
gloves Ear protectiond 

Low exposure 
tasks such as: 

Modified COVERALLS: Uncoated Tyvek@ Hardhat’ 
D BOOTS: Steel-toe, steel-shank Splash shield’ 

None required 

Monitoring well 
installation and all 
sampling activities. 

chemical-resistant boots OR steel- Safety glasses 
toe, steel-shank leather work boots Ear protectiond 
with outer rubber boot covers 
GLOVES: Inner surgical-style 
nitrile glove AND outer chemical- 
resistant nitrile glove. 

Tasks requiring 
upgrade per 
sections 5.2 or 6. 

C COVERALLS: Polycoated Hardhat’ APR, full face, 
TyvekB Splash shield MSA Ultratwin 
BOOTS: Steel-toe, steel-shank Ear protectiond or equivalent; 
chemical-resistant boots OR steel- Spectacle inserts with GME-H’ 
toe, steel-shank leather work boots cartridges or 
with outer rubber boot covers equivalent 
GLOVES: Inner surgical-style 
nitrile glove AND outer chemical- 
resistant nitrile glove. 

None anticipated B COVERALLS: Polycoated Hardhat’ Positive- 
TyvekB Splash shield pressure 
BOOTS: Steel toe, steel-shank Ear protectiond demand self- 
chemical-resistant boots OR steel- Spectacle inserts contained 
toe, steel-shank leather work boots breathing 
with outer rubber boot covers apparatus 
GLOVES: Inner surgical-style (SCBA): MSA 
nitrile glove AND outer chemical- Ultralite, or 
resistant nitrile glove. equivalent 

a Modifications are as indicated. CDM Federal will provide PPE to only CDM Federal employees. 
b No facial hair that would interfere with respirator fit is permitted. 
’ Hardhat and splash-shield areas are to determined by the SSC. 
d Ear protection should be worn while working around equipment with noise warning labels (such as drill 

rigs or other noise-producing equipment). Equipment producing noise in excess of 8.5 dBa shall be 
labeled. 
Refer to Section 6 for other requirements. 

e The GME-H cartridge is the new standard-issue cartridge. Available stock of the previously 
standard GMC-H cartridges may be used for tasks covered by this plan. 
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5.2 REASONS FOR UPGRADING OR DOWNGRADING LEVEL OF PROTECTION 

Upgrade” Downgrade 

. Request from individual performing task. l New information indicating that situation is 

. Change in work task that will increase contact or less hazardous than originally thought. 

potential contact with hazardous materials. l Change in site conditions that decreases the 

l Occurrence or likely occurrence of gas or vapor hazard. 

emission. l Change in work task that will reduce contact 
. Known or suspected presence of dermal hazards. with hazardous materials. 
. Instrument action levels (Section 6) exceeded. 
*Performing a task that requires an upgrade to a higher level of protection (e.g., level D to level C) is 
permitted only when the PPE requirements have been specified in Section 5 and an SSC who meets the 
requirements specified in subsection 4.1 is present. 
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6 AIR MONITORING SPECIFICATIONS 

REFER TO l-HE SITE-SPECIFIC HASP FOR THE REQUIRED MONITORlNG 
INSTRUMENTS TO USE DURING FIELD ACTIVITIES 

Instrument Tasks Action Levels” Frequencyb Calibration 

PID: OVM with Monitoring well O-5 ppm Level D Initially and Daily; before 
10.6eV or 11.8 installation, soil, 5-10ppm Level C periodically and after each 
eV lamp or and groundwater > 10 ppm Level B (not during task period of use 
equivalent sampling anticipated) 

activities. 

CGI: MSA 
model 260 or 
261 or 
equivalent 

Drilling 

Excavation 

0-lO”/o’ LEL: 
lo-25%’ LEL: 

>25%’ LEL: 

No explosion hazard Continuous Daily; before 
Potential explosion during and after each 
hazard advancement of period of use 
Explosion hazard; boring or trench 
evacuate or vent 

0, Meter: MSA Drilling 
model 260 or 

Excavation 261 or 
equivalent 

>25.0%’ 0,: 

20.9%’ 0,: 

Explosion hazard; 
evacuate or vent 

Normal 0, 

Continuous Daily; before 
during and after each 
advancement of period of use 
boring or trench 

<19.5%‘0,: 0, deficient; vent or 
use SCBA 

Dust Monitor: 
Visual 

All tasks No visible dust Level D Initially and Zero twice 
periodically daily; once 

Visible dust Level C during task before use 

Stop work; 
and once at 

implement dust 
midday 

suppression 
measures 

Note a: 
Note b: 

Note c: 

Action levels apply to sustained breathing-zone measurements above background. 
The exact frequency of monitoring depends on field conditions and is to be determined 
by the SSC; generally, every 5 to 15 minutes is acceptable; more frequently may be 
appropriate. Monitoring results should be recorded. Documentation should include 
instrument and calibration information, time and measurement result, personnel 
monitored, and place/location where measurement is taken (e.g., “Breathing 
Zone/MW-3,” I’ at surface/SB-2,” etc.). 
If the measured percent of 0, is less than 10, an accurate LEL reading will not be 
obtained. Percent LEL and percent 0, action levels apply to only ambient working 
atmospheres, and do not apply to confined-space entry. More-stringent percent LEL and 
0, action levels are required for confined-space entry; refer to Section 9. 
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6.1 CALIBRATION SPECIFICATIONS 
(Refer to the respective manufacturer’s instructions for proper instrument-maintenance procedures) 

Instrument 

PID: OVM, 10.0 or 10.6 

Gas Span Reading 

RF = 0.55 55 PPm 

Metlhod 

eV bulb 
100 ppm 

isobutylene 

1.5 lpm reg 
T-tubing 

OVM, 11.8 eV RF = 0.68 68 PPm 
bulb 

PID: MiniRAE, 10.6 eV 100 ppm CF=53 53 PPm 1.5 lpm PEG 
bulb isobutylene +s ppm T-Tubing 

PID: TVA 1000 

FID: TVA 1000 

Dust Monitor: 
Miniram-PDM3 

100 ppm 
isobutylene 

100 ppm 
methane 

Dust-free air 

CF=0.55 

CF=l.OO 

Not 
applicable 

55 PPm 1.5 lpm FEG 

+5ppm T-Tubing 

100 ppm + 10 1.5 lpm reg 
T-tubing 

0.00 mg/m” Dust-free area 
in “Measure” OR Z-bag with 

mode HEPA filter 

CGI: MSA 260,261, 
360, or 361 

0.75% 
pentane 

N/A 50% LEL 
+5%LEL 

1.5 Ipm reg 
direct tubing 

6.2 AIR SAMPLING 
Sampling may be required by other OSHA regulations where there may be exposure to certain 
contaminants. Air sampling typically is required when site contaminants include lead, cadmium, 
arsenic, asbestos, and certain volatile organic compounds. Contact the HSM immediately if the:se 
contaminants are encountered. 

Method Description: REFER TO SITE-SPECIFIC HASP IF APPLICABLE 

Personnel and Areas 

Results must be sent immediately to the HSM. Regulations may require reporting to monitored 
personnel. Results reported to: 

HSM: Chuck Myers 
Other: 
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7 DECONTAMINATION (Reference: Standard Operating Procedure for Decontamination 

REFER TO THE SITE-SPECIFIC HASP FOR DETAILS OF DECONTAMINATION 

REFER TO THE MASTER INVESTIGATION-DERIVED WASTE MANAGEMENT PLAN FOR METHODS OF 
DISPOSAL 

The SSC must monitor the effectiveness of the decontamination procedures. Decontamination 
procedures found to be ineffective will be modified by the SSC. 

7.1 DECONTAMINATION SPECIFICATIONS 

Personnel Sample Equipment 

l Boot wash/rinse l Wash/rinse equipment 

l Glove wash/rinse l Solvent-rinse equipment 

Heavy Equipment 

l Power wash 

l Steam clean 

Outer-glove removal 

Body-suit removal 

Inner-glove removal 

Respirator removal 

Hand wash/rinse 

Face wash/rinse 

Shower ASAP 

PPE-disposal method: 

l Solvent-disposal method: . Water-disposal method: 

. Water-disposal 
method: 

7.2 DIAGRAM OF PERSONNEL-DECONTAMINATION LINE 

No eating, drinking, or smoking is permitted in contaminated areas and in exclusion or decontamination 
zones. The SSC should establish areas for eating, drinking, and smoking. Contact lenses are not 
permitted in exclusion or decontamination zones. 

Figure 7-l illustrates a typical establishment of work zones, including the decontamination line. 
Work zones are to be modified by the SSC to accommodate task-specific requirements. 

8 SPILL-CONTAINMENT PROCEDURES 

Sorbent material will be maintained in the support zone. Incidental spills will be contained with 
sorbent and will be disposed of properly. 

9 CONFINED-SPACE ENTRY 
(Reference, Section 8, Confined Space Entry, CDM Federal Progmns Couporation, Corporate 
Health and Safety Program),) 

No confined-space entry will be permitted. Confined-space entry requires additional health and 
safety procedures, training, and a permit. If conditions change such that confined-space entry is 
necessary, contact the HSM to develop the required entry permit. 

When planned activities will not include confined-space entry, permit-required confined spaces 
accessible to CDM Federal personnel are to be identified before the task begins. The SSC is to 
confirm that permit spaces are properly posted or that employees are informed of their locations and 
informed of their hazards. 
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10.0 SITE HEALTH AND SAFETY ORGANIZATION 

10.1 SITE-CONTROL PROCEDURES 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

The site safety coordinator (SSC) will conduct a site safety briefing (see below) before starting 
field activities or as tasks and site conditions change. 

Topics for briefing on site safety: general discussion of health and safety plan, site-specific 
hazards, locations of work zones, PPE requirements, equipment, special procedures, 
emergencies. 

The SSC or Field Manager records attendance at safety briefings in a logbook and documents 
the topics discussed. 

The SSC or delegate will ensure that a daily log-in and log-out book is maintained for all 
personnel entering the site. 

Post the OSHA job-site poster in a central and conspicuous location at sites where project field 
offices, trailers, or equipment storage boxes are established. Posters can be obtained by calling 
either 800/548-4776 or 800/999-9111. 

Field Trailers: Post “Exit” signs above exit doors, and post “Fire Extinguisher” signs above 
locations of extinguishers. Keep areas near exits and extinguishers clear. 

Determine wind direction. 

Establish work zones: support, decontamination, and exclusion zones. Delineate work zones 
with flags or cones as appropriate. Support zone should be upwind of the site. 

Establish decontamination procedures, including respirator-decontamination procedures, and 
test the procedures. 

Use access control at the entry and exit from each work zone. 

Store chemicals in appropriate containers. 

Make MSDSs available for onsite chemicals to which employees are exposed. 

Establish onsite communication consisting of the following: 

Line-of-sight and hand signals 
Air horn 
Two-way radio or cellular telephone if available 

Establish offsite communication. 

Establish and maintain the “buddy system.” 

Establish procedures for disposing of material generated on the site. 

Initial air monitoring is conducted by the SSC in appropriate level of protection. 

The SSC is to conduct periodic inspections of work practices to determine the effectiveness of 
this plan Deficiencies are to be noted, reported to the HSM, and corrected. 
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10.2 HAZWOPER COMPLIANCE PLAN 

This section outlines procedures to be followed when certain activities do not require 24- or 40-hour 
training. Note, prior approvalfiom the HSM is required before these tasks are conducted on regulated 
hazardous waste sites. 

l Certain parts of the site work may be covered by state or federal Hazwoper standards and 
therefore require training and medical monitoring. Anticipated tasks must be included in 
subsection 2.2.1. 

l Air sampling must confirm that there is no exposure to gases or vapors before non-Hazwoper- 
trained personnel are allowed on the site. Other data (e.g., soil) also must document that there is 
no potential for exposure. The HSM must approve the interpretation of these data. Refer to 
subsections 3.8 and 6.2 for contaminant data and air sampling requirements, respectively. 

l Non-Hazwoper-trained personnel must be informed of the nature of the existing contamination 
and its locations, the limits of their access, and the emergency action plan for the site. Non- 
Hazwoper-trained personnel also must be trained in accordance with all other state and federal 
OSHA requirements, including 29 CFR 1910.1200 (HAZCOM). Refer to subsection 3.7.1 for hazard 
communication requirements. 

. Air monitoring with direct-reading instruments conducted during regulated tasks also should be 
used to ensure that non-Hazwoper-trained personnel (e.g., in an adjacent area) are not exposed to 
volatile contaminants. Non-Hazwoper-trained personnel should be monitored whenever the 
belief is that there may be a possibility of exposure (e.g., change in site conditions), or at some 
reasonable frequency to confirm that there is no exposure. Refer to Section 6.1 for air monitoring 
requirements. 

. Treatment system start-ups: Once a treatment system begins to pump and treat contaminated 
media, the site is, for the purposes of applying the Hazwoper standard, considered a treatment, 
storage, and disposal facility (TSDF). Therefore, once the system begins operation, only 
Hazwoper-trained personnel (minimum of 24 hours of training) will be permitted to enter the site. 
All non-Hazwoper-trained personnel must leave the site. 

If Hazwoper-regulated tasks are conducted concurrently with nonregulated tasks, non-Hazwoper- 
trained subcontractors must be removed from areas of exposure. If non-Hazwoper-trained personnel 
remain on the site while a Hazwoper-regulated task is conducted, the contaminant/exposure alrea 

(exclusion zone) must be posted, non-Hazwoper-trained personnel must be reminded of the locations 
of restricted areas and the limits of their access, and real-time monitoring must be conducted. Non- 
Hazwoper-trained personnel at risk of exposure must be removed from the site until it can be 
demonstrated that there is no longer a potential for exposure to health and safety hazards. 
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11 EMERGENCY RESPONSE PLAN 

11.1 PRE-EMERGENCY PLANNING 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

The SSC performs the applicable pre-emergency planning tasks before starting field activities and 
coordinates emergency response with the facility and local emergency-service providers as 
appropriate. 

Review the facility emergency and contingency plans where applicable. 

Locate the nearest telephone; determine what onsite communication equipment is available 
(e.g., two-way radio, air horn). 

Identify and communicate chemical, safety, radiological, and biological hazards. 

Confirm and post emergency telephone numbers, evacuation routes, assembly areas, and route 
to hospital; communicate the information to onsite personnel. 

Post site map marked with locations of emergency equipment and supplies, and post OSHA 
job-site poster. The OSHA job-site poster is required at sites where project field offices, trailers, 
or equipment-storage boxes are established. Posters can be obtained by calling either 800/548- 
4776 or 800/999-9111. 

Field Trailers: Post “Exit” signs above exit doors, and post “Fire Extinguisher” signs above 
locations of extinguishers. Keep areas near exits and extinguishers clear. 

Review changed site conditions, onsite operations, and personnel availability in relation to 
emergency response procedures. 

Evaluate capabilities of local response teams where applicable. 

Where appropriate and acceptable to the client, inform emergency room and ambulance and 
emergency response teams of anticipated types of site emergencies. 

Designate one vehicle as the emergency vehicle; place hospital directions and map inside; keep 
keys in ignition during field activities. 

Inventory and check site emergency equipment, supplies, and potable water. 

Communicate emergency procedures for personnel injury, exposures, fires, explosions, 
chemical and vapor releases. 

Review notification procedures for contacting CDM Federal’s medical consultant and team 
member’s occupational physician. 

Rehearse the emergency response plan once before site activities begin, including driving the 
route to the hospital. 

The emergency response plan will be periodically exercised and critiqued. 

Brief new workers on the emergency response plan. 

The SSC will evaluate emergency response actions and initiate appropriate follow-up actions. 
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. 
11.2 EMERGENCY EQUIPMENT AND SUPPLIES 

REFER TO SITE-SPECIFIC HASP FOR A LIST OF ADDITIONAL EMERGENCY EQUIPMENT 

The SSC should mark the locations of emergency equipment on the site map and should post the map. 

Emergency Equipment and Supplies Location 

20 lb. (or two lo-lb.) fire extinguisher (A, B, and C classes) Field Vehicle/Site Office 

First aid kit Field Vehicle/Site Office 

Eye wash* Field Vehicle/Site Office 

Potable water Field Vehicle/Site Office 

Bloodbome-pathogen kit Field Vehicle/Site Office 

The emergency eye wash unit must meet the American National Standards Institute (ANSI) criteria 
and be capable of delivering 1.5 liters (0.4 gallons) per minute of potable water to the eyes for fifteen 
minutes. 

11.3 EMERGENCY MEDICAL TREATMENT 

--, 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Notify appropriate emergency response authorities listed in sections 12 and 13 (e.g., 913.). 

During a time of no emergency, contact CDM Federal’s medical consultant for advice and 
guidance on medical treatment. 

The SSC will assume charge during a medical emergency until the ambulance arrives o.r until 
the injured person is admitted to the emergency room. 

Prevent further injury. 

Initiate first aid and CPR where feasible by persons trained in first aid, CPR, and bloodbome 
pathogens. 

Get medical attention immediately. 

Perform decontamination where feasible, and to the extent possible; lifesaving and first aid or 
medical treatment take priority. Decontamination procedures may need to be postponed, but 
should be implemented as soon as possible after the victim is stabilized. 

Notify the field team leader and the project manager of the injury. 

Make certain that the injured person is accompanied to the emergency room. 

Notify the health and safety manager. 

Notify the injured person’s human resources department within 24 hours. 

Prepare an incident report. Submit the report to the corporate director of health and safety and 
the corporate human resources department (COR) within 48 hours. 

When contacting the medical consultant, state that you are calling about a CDM Federal 
matter, and give your name, your telephone number, the name of the injured person, the 
extent of the injury or exposure, and the name and location of the medical facility where the 
injured person was taken. 
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11.4 NON-EMERGENCY PROCEDURES 

The procedures listed above may be applied to non-emergency incidents. Injuries and illnesses 
(including overexposure to contaminants) must be reported to Human Resources. If there is doubt 
about whether medical treatment is necessary, or if the injured person is reluctant to accept medical 
treatment, contact the CDM Federal medical consultant. 

. When contacting the medical consultant, state that the situation is a CDM Federal matter, and 
give your name, your telephone number, the name of the injured person, the extent of the 
injury or exposure, and the name and location of the medical facility where the injured person 
was taken. 

. Follow these procedures as appropriate. 

11.5 INCIDENT RESPONSE 

In fires, explosions, or chemical releases, actions to be taken include the following: 

. Shut down CDM Federal operations and evacuate the immediate work area. 

. Account for personnel at the designated assembly area(s). 

. Notify appropriate response personnel. 

. Assess the need for site evacuation, and evacuate the site as warranted. 

Instead of implementing a work-area evacuation, note that small fires or spills posing minimal safety 
or health hazards may be controlled. 

11.6 EVACUATION 

. 

. 

. 

. 

. 

Evacuation routes will be designated by the SSC before work begins. 

Onsite and offsite assembly points will be designated before work begins. 

Personnel will leave the exclusion zone and assemble at the onsite assembly point upon 
hearing the emergency signal for evacuation. 

Personnel will assemble at the offsite point upon hearing the emergency signal for a site 
evacuation. 

The SSC and a “buddy” will remain on the site after the site has been evacuated (if possible) to 
assist local responders and advise them of the nature and location of the incident. 

The SSC accounts for all personnel in the onsite assembly zone. 

A person designated by the SSC before work begins will account for personnel at the offsite 
assembly area. 

The SSC will write up the incident as soon as possible after it occurs and will submit a report to 
the corporate director of health and safety. 

11.7 EVACUATION ROUTES AND ASSEMBLY POINTS 

Refer to the site map in Section 1. Evacuation routes and assembly areas (and alternative routes and 
assembly areas) are specified on the site map in the site-specific HASPS. 

11.8 EVACUATION SIGNALS 

Signal Meaning 

Grasping throat with hand Emergency-help me. 
Thumbs up OK; understood. 
Grasping buddy’s wrist Leave area now. 
Continuous sounding of horn Emergency; leave site now. 
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12 EMERGENCY RESPONSE 

/ .-=-.. 

12.1 EMERGENCY RESPONSE TELEPHONE NUMBERS 

REFER TO SITE-SPECIFIC HASP FOR ADDITIONAL PHONE NUMBERS 

SITE ADDRESS: St. Juliens Creek Annex 
Portsmouth, Virginia 

Security (NAVBASE): Chief Bailey 

Fire: Security: Mr. Frank King 

Ambulance: Shipyard Emergency 

Public Works Department (Utility Clearances): 

Mr. Paul Christopher 

Emergency: (one call) 

Hazardous Waste Dispatcher: 

Mr. William Whitmire 

COMNAVBASE Duty Desk** 

Local Emergency Planning Committee (LEPC) 

Phone: Section 4. 
Cellular Phone: See Site-specific plans 

Phone: 757-396-0241 

Phone: 757-396-3335 

Phone: 757-398-2200 

or 911 

Phone: 757-367-8308 (pager) 

Phone: 911 

Phone: (757) 444-7528 

Phone: (757) 322-2866/67 

Phone: (757) 441-2171 

*When using a cellular phone outside the telephone’s normal calling area, exercise caution in relying on 
the cellular phone to activate 911. When the caller is outside the normal calling area, the cellular service 
carrier should connect the caller with emergency services in the area where the call originated, but this 
may not occur. Telephone numbers of backup emergency services should be provided if a cellular 
phone is relied on to activate 911. 

** All spills must be reported to the COMNAVBASE Duty Desk 

Hospital: Maryview Medical Center 
Address: 3636 High St, Portsmouth, 

Virginia 23707-3236 

Phone: (757) 398-2200 

Route to Hospital: (Refer to Figure 12-l) - Leave main gate of Annex and take left onto Victory 
Blvd. At Route 17 (George Washington Hwy) take a right and go north. Make left onto Fred.erick 
Blvd, and continue on Frederick until it dead ends. Make a left onto High Street, the Maryview 
Medical Center in on the right at the first light. (Total Distance = 4.5 miles) 

12.2 GOVERNMENT AGENCIES INVOLVED IN PROJECT 

/’ “1, 

Federal Agency and Contact Name: 
Phone: 

State Agency and Contact Name: 
Phone: 

Local Agency and contact Name: 
Phone: 

Department of the Navy, Atlantic Division 
Mr. Tim Reisch, NTR (757) 322-4783 

Ms. Sharon Wilcox 
804-698-4143 

Not assigned 

Contact the project manager. Generally, the project manager will contact relevant government 
agencies. 
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13 EMERGENCY CONTACTS 

REFER TO SITE-SPECIFIC HASP FOR ADDITIONAL NAMES AND PHONE NUMBERS 

If an injury occurs, notify the injured person’s personnel office as soon as possible after obtaining 
medical attention for the injured person. Notification MUST be made within 24 hours of the injury. 

CDM Federal Medical Consultant Occupational Physician (Regional or Local) 

Name: Dr. Thomas Winters, 
Health Resources 

Name: 

Address: 

Address: 600 West Cummings Park 
Wobum, MA 
800/350-4511 

Corporate Director Health and Safety 

Name: Mr. Chuck Myers 
Phone: 703/968-0900 Ext. 299 

Health and Safety Manager (HSM) 

Name: 
Phone: 

Radiation Health Manager (RHM) 

Site Safety Coordinator (SSC) 

Name: Refer to site-specific addendum 
Phone: 

Project Manager 

Name: Refer to site-specific addendum 
Phone: 

Regional Human Resources Department: 

Name: Mike Stafford 
Phone: 423/482-1065 

Client 
Name: Tim Reisch, NTR 

Phone: (757) 322-4758 

Name: Kim Updegrove 
Phone: 703 /968-0900 Ext. 307 

Corporate Human Resources Department 

Name: Kim Updegrove 
Phone: 703/968-0900 Ext. 307 

Federal Express Dangerous Goods Shipping 
Phone: 800/238-5355 

CDM Federal Emergency Number for Shipping 
Dangerous Goods 

Phone: 800/535-5053 

Worker’s Compensation and Auto Claims 

Phone: 
After hours 

Report fatalities AND report vehicular accidents 
involving pedestrians, motorcycles, or more than 
two cars. 
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14 APPROVAL 

This site-specific health and safety plan has been written for use by CDM Federal only. CDM Federal 
claims no responsibility for its use by others unless that use has been specified and defined in project or 
contract documents. The plan is written for the specific site conditions, purposes, dates, and personnel 
specified and must be amended if those conditions change. 

14.1 ORIGINAL PLAN 

WRITTEN BY: Lynne J. France DATE: 10-7-98 

APPROVED BY: Chuck Myers DATE: 10-26-98 

14.2 REVISIONS 

REVISIONS MADE BY: DATE: 

REVISIONS TO PLAN: 

REVISIONS APPROVED BY: DATE: 

15 DISTRIBUTION 

REFER TO SITE-SPECIFIC HASP FOR ADDITIONAL NAMES 

Name 

Chuck Myers 

Responsibility 

Corporate Health and Safety 
Manager/Approver 

Project Manager 

Field Team Leader /Member 

Number of Copies 

1 

Site Safety Coordinator 

Client Proiect Manager 

16 ATTACHMENTS 

Attachment 1: Employee Signoff 
Attachment 2: Applicable Material Safety Data Sheets 
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Attachment 1 
Employee Signoff 
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I EMPLOYEE SIGNOFF I 

The employees listed below have been given a copy of this health and safety plan, have read and 
understood it, and agree to abide by its provisions. 

EMPLOYEE NAME EMPLOYEE SIGNATURE AND DATE 
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Attachment 2 

Material Safety Data Sheets 
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,. ,. ZACHAARACH -- CA.LIJ~TION GAS. ,METHANE 24 TN AIR - ,%LIBRATI::G GAS MIXTURE 
MATERIAL SAiETY DATA SHEZT 
NSN: 5a30036a1a66 
Manufac;urer.s CAGE: 05083 
Jart No. hdrcacor: B 
'arc NmQer/Tzade Name: C.;iIBRhTION GAS. METHANE 25 IN AIR 
==============9==o=====3====================================~================ 

Generai information 
--__________________------------------------------------------------------- ---_-_______________------------------------------------------------------- 
1:em Name: CALIBRATING GAS MIXTURE 
Company's Name: BhCHhRACH INC 
Company's Street: 525 AL?HA OR 
Company's C-y: PITTSBURGH 
CCmQany’S State: PA 
Company's Country: US 
Company's Zip Code: 15238 
Company's Smerg ph ft: 800-424-9300 
Company’s :nfo Ph Y: 412-963-2223 OR FAX 412-961-2391 
SafeCy OaCa Acclon Code: A 
Record No. For Safety Enc-y: 002 
Tot Safety Entries This Sck#: 002 
Status: SE 
Date MSOS Irepared: 02MAY94 
Safer{ Oaca Review Date: 09SEP96 
SUpply Itea Manager: CX 
Preparer' s Company: BACHASCH INC 
Preparer, s ic Or P. 0. Box: 625 ALPHA OR 
Dreparer’: City: PITTSXJRGH 
?reparer's State: PA 
Preparer.5 Zip Code: 15238 
EiOS Sarlai Number: CZSMM 
Hazard Characteristic Code: G3 
Unit Of Issue: Cy 
Unit Of Issue Concakier Qty: 37 Lf?ERS 
Type Of Concarner: CY?XNDERS 
Net Unit Werghc: UNKNOWN 
=========================================================================== " _i:., 

Ingredrents/Tdenticy InformacLon 
====================pD==o====================================================== 
kropriecary: NO 
Ingredzenc: XETHANE 
Ingredient Sequence Number: 01 
Percent: 2 
Ingredient Action Code: A 
NIOSH (RTCCSI Number: PA1490000 
CAS Number: 74-02-0 
OSHA PEL: h'OT ESTABLZSHED 
ACGIH TL'J: ASPHYXIANT: 9596 
Other Recommended Limrc: NONE RECOMMENDED 
---------------_--------------------- 
?ropraecary: NO 
Ingredrenc: AIR 
Ingredlenc Sequence Number: 02 
Percent: 98 
Ingredient Action Code: A 
NIOSH (RTECS1 Number: ~XS275000 
CAS Number: UNKNOWN 
OSHA PEL: NOT ESTABLISHED 
ACGIH TLV: NOT ESTABLISHED 
Other Recommended Limit; NONE RECOMXENDED 
======p=====================I===='==pD=================================== 

Physical/Chemical Characcerlscics 
-______-____________------------------------------------------------------- -___----___-_--__--_------------------------------------------------------- 
AppearaXe And Odor: COLORLESS, ODORLESS. TASTELESS COMPRESSED GAS IN 
CYLINDERS. 
Boiling Paint: -26OF.-162C 
Melting Pornc: -296F.-L82C 
Vapor Pressure (MM Hg/70 Fl: N/A (GAS1 
Vapor Oenslty (Air=l): 0.99'1 
Specrfic Gravity: 0.673 KG/CUM 
Solubilicy In Water: NEGLIGIBLE 

,.-.., Aucoagnatron TemQeratUre: 58OC 
-____-_-____---__---------------------- ---------------------------------------==================================== 

Fire and Explosion Hazard Data 
=====================PP====================================================== 
Flash Point: -306~. -LaacwzT) 
Flash Point Method: CC 
Lower Expiosrve Limit: 5% 
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upper kplosive Lunic: 154 
Excinglrshisg Media: THIS GAS IS NOT F*I;XMNABLE. CCC5 E%?OSED CDPlTAiNERS W/ 
WATER. 
Special Fire Fighting Proc: FIREFIGHTERS SHOULD %'E>P. NIOSH AP?ROVED 
POSITl;E PRESSURE SCBA & FULL PROTECTIVE CLOTHING. ;‘SE SHIELDI::G TO PROTECT 
FROM CYLINDER EIILOSION. 
Unusual Fire And Expl Hazrds: THIS MIXTURE IS 3ELC7J THE LEL OF METHANE & 
NON-FLAMMABLE. COMPRESSED XIR/METFlNE MIXTURES XT XLGH PRESSURE WILL 
ACCELEitZTE BUFX!XG OF OTHER MATERIAL. 
----------____-_______^_________________----------------------------------- ---------------_____------------------------------------------------------- 

Reaccivicy Dsca 
-----___--__________-------------------- ----------------------------------------=================================== 
Stabrlicy: YES 
Cond To Avoid (Stability) : AVOID HEAT OR F?LAMES. 
Materials To Avoid: NONE KNOWN. 
Hazardous Oecomp Products: NONE KNOWN. 
Hazardous Poly Occur: NO 
Conditions To Avoid (Poiy): N/A 
----------------------------------======================------------------- _----_-----_---____--------------- -----------_------- 

Health Hazard Oaca 
========================i===========-----==================================== -_--- 
LDSO-LCSO Mixture: ORAL LO50 (RAT) IS UNKNOWN 
Route Of Entry - Lnhalacion: YES 
Route Of Encry - Skin: NO 
Route Of Encry - Ingesclon: NO 
Health Haz Acute nnd Chronic: ACUTE: INHALATION-NONE. METHANE IS A NON- 
TOXIC SIMPLE ASPHYXIANT. THE CONCENTF'ATION OF MET:HAN& IN THIS GAS IS TOO 
LOW TO DEPRESS OXYGEN CONCENTRATION. CHRONIC: NONE KNOWN OR EX?ECTED. 
Carcinogenscity - NTP: NO 
Caremogenlcicy - IARC: ?I0 
Carcrnogeruclcy - OSXA: NO 
Explanation Carcrnogenlcrcy: NONE OF THE COMPONENTS IS LISTED AS A 
CARCINOGEN OR SUSPECTED CARCINOGEN BY I.RAC. ?ITP 0.'. OSHA. 
Signs/ Symptoms Of Overexp : NONE SPSCIFIED BY MdNUF'bCTXRER. 
Med Cond Aggravated By E.xp: NONE KNOWN OR EXPECTED. 
Fmergency/Firsc Aid Proc: EY! CONTACT-NONE NEEDED. SXIN CONTACT-NONE 
NEEDED. INHALATION-NONE NEEDED. INGESTION-'JONE MZOED. 
--~------___--_____-~~-~~--~~~~~~--~---------~~~~~~~~~~~--~~~~~~-~~~~~~~~~~ ---------------_----------------------------------------------------------- 

Precautions for Safe Handling and Use 
_--------__________----------------------------------------------- ------------------------------------------------------------------========= 
Steps If Mat1 Released/SpiII: NONE NEEDED. 'THIS MATERIAL IS NON TOXIC AND 
NON FWLE. 
Waste Disposal Method: DISPOSE OF IN ACCORDANCE Y/LOCAL, STATE, & FEDERAL 
REGULATIONS. DO NOT INCINERATE CYLINDER. 
?recau:ions-Handling/Scorrng: DON'T STORE CYLINDERS NEAR HEAT/OPEN FLAME. 
EXPOSURE TO TEMPERATURES ABOVE 130F MAY CAUSE RUPCURE. SECURE CYLINDERS- 
DON'T DXOP. 
Ocher Precautions: WHEN REMOVABLE CAP IS PROVIDEJ. STORE AND HXNDLE WITH 
CAP IN PLACE. CONTENTS 'UNDER HIGH PRESSURE. K== b-P CYLINDERS AYAY FROM HEAT & 
FLAMES. FOR ADOITIONAL l-%'JDLING RECOMMENDATIONS 0:; COMPRESSED GAS 
CYLINDERS, CONSULT PAMPHLET P-l. 
=============================ZS============================================== 

Control Meas:;res 
===f========================================================~============== 
Respiratory Proceccion: NONE NEEDED. 
Ventilation: NO SPECIAL VENTILATION REQUIRED. 
Protective Gloves: LEATHER GLOVES RECOMXENDED FOR HANDLING. 
Eye Protection: SAFETY GLASSES RECOM??FNQED. 
Other Proceccive ECpAiQmenC: NONE NEEDED. 
work Hygienic Practices: DO NOT PUNCTURE. NEVER T'JROW CONTAIANER INTO FIRE 
OR INCINEPJTE. 00 NOT DROP OR OAMAGE. USE ONLY WITH PROPER EQUIPMENT. 
Suppl. Safet.1 & Health Data: THE DATA FOR BOILIPX POINT, MELTING POINT AND 
FLASH POINT IS FOR METHANE. CLOSE CYLINOER VALVES WHEN CYLINDER IS NOT IN 
USE AND WHEN EMPTY. 
=========3================================================================= 

Transportation Data 
=o=========================I==-================================================ 

TraIEiQorcaCiOn Action Code: A 
Trans Data Review Date: 96253 
DOT PSti Code: DQQ 
DOT Proper Shipping Name: COMPRESSED GASES. N.O.S. 
WT Class: 2.2 
WT ID Number: UN1956 
DOT Label: NONFLAMMAB LE GAS 
IMO PSN Code: EQH 
IMO Proper Shipping Name: COMPRESSED GAS. N-0-S. 
IMO Regulations Page Number: 2129 
IMO UN Number: 1956 
IMO UN Class: 212.2) 
1240 Subsidiary Risk Label: - 
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IATA ?SN Code: HDQ 
..,i,,IATA UN III Number : 1?S 5 

UTA Proper Shrppl,?g ~am$: COMPRESSED GAS. N.O.S. * 
:ATA UN Class: 2.2 
IATA Label: NON-FLAHMABLJ, GAS 
AFI PSN Code: HDQ 
AFI Prop. Shipping Name: COMPRESSED GAS. cz.0.S. 
AFI Class: 2.2 
MI ID Number: UT?T956 
AFI Label.: NON-F-ABLE GAS 
AFI Basrc Pat Ref: h6.3.A6.SaA6.7 
MMAC Code: NR 
N.O.S. Shipping Name: CSMPRESSZD GAS N.O.S.. iKETlUUE 2% IN X13.1. 2.2. UN 
1956. 

Dxiposal Oaca 

Label Data 
=========================-==f================================================== 
Label Required: YES 
Technical Review Date: 09SEP96 
Label Cace: UNIJATED 
Label Stacus: D 
Common Name: CALIBRATION GAS. METHANE 2% IN AIR 
Chronrc Hazard: YES 
Signal Word: WARNING! 
Acuce Health Hazard-tioderace: X 
Contact Hazard-None: X 
Fire Hazard-None: X 
ReaccivrcTy Hazard-None: X 
Specral Hazard Precaurxons: ACUTE: INHJUATION-NONE. METHANE IS A NON-TOXIC 
SIMPLE ASPHYXIANT. TIiE CONCENT~TION OF METHANE IN THIS GAS IS TOO LOW TO 
DEPRESS OXYGEN CONCENTRATION. CHRONIC: NONE KNOWN OR EXPECTED. DON'T STORE 
CYLINDERS NEAR HEAT/OPEN FLAME. EXPOSURE TO TEMPERATURES ABOVE L30F MAY 
CAUSE RUPTURE. SECURE CYLINDERS- DON'T OROP. THIS MIXTURE IS BELOW THE LEL 
OF METHANE & NON-FLAMlfAB LE. CONPRESSED AIR/METHANE MIXTURES AT HiGH 
PRESSURE WILL ACCELEPATE BURNING OF OTHER MATERI=. IN CASE OF SPILL: NONE 

'*'*%, NEEDED. THIS MATERIAL IS NON TOXIC AND NON F LAMNABLE. FIRST AiD: EYE 
CONTACT-NONE NEEDED. SKIN CONTACT-NONE NEEDED. INKUATION-NONE NEEDED. 
INGESTION-NONE NEED&D. 
Protect Eye: X 
Protect Skin: X 
Label Name: BACHAP&CH INC 
Label Street: 625 ALPHA DR 
Label City: PITTSBURGH 
Label State: PA 
Label Zip Code: 15238 
Label Country: US 
Label Emergency Number: 800-424-93~0 
==============================-==f========================================= 
URL for this msds hc:p://sirs.org. If you wish co change. add :o. or 
delete rntormaclon rn this arcnzve please send updates Co da;lQsiri.org. 
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SCOTT SPECIALTY GASES -- iSOBUTYLAZ IN AIR - ZALIBPATION GAS CYL 
MATERIAL SAFETY OATA SHEET 
NSN: 6665012148247 
Manufacturer's CAGE: 51847 
?arc NO. Indicator: A 
Parr Number/Trade Name: ISOBUTYLZNE IN AIR 
===================,----=========5===-P-=================================== _---- 

Generai infornacrzn 
1========================================================================== 
Item Name: CALIBIWTION GAS CYL 
Company's Name: SCOTT SPECIALTY GAZES 
Company's Street: ROUTE 611 NCRTH 
Company's Ci:y: PLUMSTEADVILLE 
Company's State: PA 
Company's Country: US 
Company's Zip Code: 18949 
Company's Emetg Ph It: 215-766-8861: 908-754-7700 
Company's Info Ph il: 215-766-8861 
Record No. For Safety Entry: 001 
Tat Safety Entries This SC!&: 002 
Status : SW 
Date MSDS Prepared: 23APR92 
Safety Oata Review Date: 27SEO94 
MSDS Serial Number: BVRGC 
Hazard Characceriscic Code: G3 
==================I=====================================~================== 

Ingrediencs/Idenclcy Informacron 
============o============================================================== 
Proprrecary: NO 
Ingredient: PROPENE. Z-METHYL-: (ISOBUTYLENE) 
IngredIenc Sequence Number: 01 
NIOSH (RTECS) Numner: UDO890000 
CAS Number: L,15-IL-7 
OSXA PEL: N/K (FP N) 
ACGIH TLV: N/K (FP N) 

Oraprrecrary: NO 
Ingredient: AIR. REFRIGERATED LIQUID: AIR COMPRESSED (UX1002. OOTl; AI3 
REFRIGEiihTED LIQUID (CRYOGENIC LIQUI31 (UN1003) (DOT) 
Ingredient Sequence Number: 02 
NIOSH (RTECS) Number: AX5271000 
OSHA PEL: N/X (FP N) 
ACGIH TLV: N/K (FP Nl 

Physical/Chemical Characteristics 
------------------_----------------------------=======================.~==== _-----------------__--------------------------- 

Appearance And Odor: COLORLES S GAS W/POSSIBLE SLIGHT OLEFINIC ODOR. 
Boiling Painc: -318F,-L94C 
Vapor Pressure (MM Hg170 FJ: N/A 
Vapor Density (Air-l): 1.2 
Sgecrfis Gravity: 0.88 (H-20=1) 
fvaparacron Rate And Ref: NOT APPLICABLE 
Salubility In Water: INSOLUBLE 
Percent Valaeiles By Volume: 100 

Fire and Explosion Hazard Data 
========1===========53==========-==1==================================== 
Flash Paint: NONFLANMABLE 
Lower Explosive Limit: N/A 
Upper Explosive Limit: N/A 
Extinguishing Media: USE WHAT IS APPROPRIATE FOR SURROUNDING FIRE. 
Special Fire Fighting Proc: USE NIOSH/MSHA APPROVED SCSA & FULL PROTECTIVE 
EQUIPMENT (FP Nl . USE WATER SPRAY TO KEEP FIRE EXPOSED CYLINDERS COOL. 
Unusual Fire And Expl Hatrds: COMPRESSED AIR AT HIGH PRESSURES WILL 
ACCELERATE THE BURNING OF Fl&HMAB LE MATERIALS. 
--------------------------------------------------------------------------- __-_-----_----------------------------------------------------------------- 

Reactivity Data 
___------------------------------------------------------------------------ _-------------------------------------------------------------------------- 
Scabilicy: YES 
Cand To Avoid (Stability): NONE SPECIFIED 3Y XlNUFACTURER. 
Macerlals To Avoid: NONE. 

- Hazardous Oecomp Products: NONE. 
Hazardous Poly Occur: NO 
Conditions To Avoid (Polyl: NOT RELEVANT 
-----------------,-------------------------------------~------------------- ____----------------------------------------------------------------------- 

Health Hazard Oata 
=======================-------================----------------------------- ------------------___________ 
LOSO-LCSO Mixcure: NONE SPECIFIED BY MANUFACTURER. 
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Route Of Entry - Inhalation: YES 
,” 3OUCe Of E~Iz,- - Skin: NO 

\ Zouce Of Entry - Ingestion: NO 
iiealth Haz Acute And Chronic: ACUTE:CONCENT~TION OF CrOBUTYLENE IS 
?IIXTURE SHOULD NOT PRESENT ANY SYMPTOMS OF TOXICITY. ':'fRONIC::IONE. 
Carclnogenrcicy - NT?: NO 
Carclnogen~clcy - IARC: NO 
Carcinogenicicy - 0.5%: NO 
Zxplanacron Carcrnogenlcicy: NOT RELEVANT 
Sicms/Svmutoms Of Overexp: NONE SPECIFIED BY HANUFACTURER. 
Ned Conh kggravated By E&Q: NONE. 
immediately FLUSH W/POTABLE WATER FOR A XINIZ-lUM OF 15 MINUT=S SEEK 1 , 
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ASSISTANCE FROM MD (FP N). SKIN:FLUSH W/COPIOUS AHO'IOCXTTS OF WATER. CALL m 
(FP N). INHALrI3fMEDIATELY REZ4OVE VICTIM TO FRESH AIR. IF BREATHING 'HAS 
STOPPED. GIVE ARTIFICIAL, RESPIRATION. IF SREATHING IS DIFFICULT. GI'JE 
OXYGEN. 
========-----============================================================== 

precautions for Safe Handling and Use 
--------------______-------- ___------ __------------------------------------ ____________________------------------------------------------------------- 
Steps Lf xatll Released/Spill: EVACUATE i VENTILATE AREA. REMOVE LEAKING 
CYLINDER TO EXHAUST HOOD OR SAFE OUTDOORS AREA IF THIS CAN BE OONE SAFELY. 
Neutralizing Agent: NONE SPECIFIED BY MANUFACTURER. 
Waste Disposal Method: DISPOSAL LIST aE I/A/W FEDERAL, STATE & LOCAL 
REGUL;\TICNS (F? N). RETURN CYLS TO SUPPLIER FOR PROPER OISP W/ANY VALVE 
OUTLET PLUGS/CAPS SECURED & VALVE PROT CAP IN PrLACE. ALLOW GAS TO DISCHARGE 
AT SLOW PATE TO ATM IN UNCONFINED AREA/EXHST HOOD. 
?recautions-Handling/Storing: STORE IN WELL VENTILATED AREAS ONLY. KEEP 
VALVE PROT CAP ON CYLS WHEN NOT IN USE & SECUR- = CYL WHEN USING TO ?ROT FROM 
FALLING. 
Other Pracautrons: USE SUITABLE HAND TRUCK TO E?OVE CYLS. PROT CYLS FROM 
PHYSICAL 0%. DO NOT OEFACE CYLS/LBLS. c".OVE CYL W/ADEQ WAND TRUCE. C'IL 
SHOULD BE REFILLED BY QUALIFIED PRODUCERS OF COMPRESSED GAS. SHIPMENT OF 
COMPRESSED GAS CYL WHICH H?.S NOT (SUPOAT 
===============================3=--=================================== 

Control Measures 
==========3================================================================ 
Respiratory Protection: USE NIOSH/MSHA APPROVED SCBA IN CASE OF EMERGENCY 
OR NON-ROUTINE USE. 

'.a*_ Ventrlacion: PROVIDE ADEQUATE GENERAL & LOCAL EXHAUST VENTILATION. 
Protective Gloves: RUBBER GLOVES. 
Eye Protection: ANSI APPROVED CHEH WORKERS GOGGS (FP N). 
Other Procectrve Equipment: WEAR SAFETY SHOES. A SAFETY SHOWER & EYE,iASii 
STATION SHOULD BE READILY AVAILABLE. 
Work Hygienic Practices: NONE SPECIFIED 9Y MANUFACTURER. 
Suppl . Safety h Health Oata: OTHER PREC:BEEN FILLED BY OWNER OR WITH HIS 
WRITTEN CONSENT IS A VIOLATION OF FEUEPAL LAW (49 CCRI . 
__________-_________------------------------------------------------------- _-----__-_^--_______------------------------------------------------------- 

Transportation Data 
-------------------------------------====================================== ________----^__-_-__----------------- 
Trans Oata Review Date: 94269 
___-_____----_______------------------------------------------------------- __--_--------_______------------------------------------------------------- 

Oisposai Data 
--------------------------------------===================================== _________--_-------_------------------ 
===============p=========-==p======;===================================== 

Label Data 
-------------------------------------==p=================================== _____-__----------__---------------- 
Label Required: YES 
Technical Review Oate: 27SEP94 
Label Date: 26SEP94 
Label Status: G 
Common Name: ISOBUTYLENE IN AIR 
Chronic Hazard: NO 
Signal Word: NONE 
Acute Health Hazard-None: X 
Contacn Hazard-None: X 
Fire Hazard-None: X 
Reactivity Hazard-None: X 
Soecial Hazard Precautions: ACUTE:CONCENTRATION OF ISOBUTYLENE IS THIS 
MIXTURE SHOULD NOT PRESENT ANY SYXPTOMS OF TOXICITY. CHRONIC:NONE LISTED BY 
MANUFACTURER. 
Protect Eye: Y 
Protect Skin: Y 

.%. I Protect Respiratory: Y 
Label Name: SCOTT SPECIALTY GAS&S 
Label Street: ROUTE 611 NORTH 
Label City: PLUMSTEADVILLE 
Label State: PA 
Label Zio Code: 19949 
Label Country: US 
Label Emergency Number: 215-766-6861: 908-754-7700 
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--------------------------====================================--------- -------_____________------ __------ 
TEL :or this msds http://sir;.org. 15 you WLSI CO cnanqe, add 20. or 
deiece l.nformaclon in this arcnrve piease send updates CO danlas: ri.ors. 
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--*\,HINE SAFETY APPLIANCES -- 466193 CALIBPATION CHECK GAS 0.754 PENTANE IN AIR - CXLI5RATION KZT. GAS 
MATERIAL SAFETY DATA SHEET 
NSN: 6665012971039 
Manufacturer's CAGE: 40912 
Part No. Indicator: A 
Part Numner/Trade Name: 466193 CALIBRATIDN CHECK GAS 0.75% PENTANE IN AIR 
=======--------------===f==I=================================================== 

General K~~ormac~on 
==============================3==8============================================= 
Item Name: CALIBRATION KIT, GAS 
Company's Name: ‘MINE SAFETY APPLIANCES CO 
Company’s P. 0. Box: 426 
ComQany' s city: PITTSBURGH 
Company's State: PA 
Company's Country: US 
Company's Zip Code: 15230 
Company's Emerg Pi7 #: 412-967-3000 
C0mpany.s Info Ph #: 412-967-3000 
Distributor/Vendor b 1: MINE SAFETY RP?LIANCES 
Distributor/Vendor # 1 Cage: 3.7685 
Distributor/Vendor d 2: MINE SAFETY APPLIANCES CO DBA MSA 
Distributor/Vendor # 2 Cage: 55799 
Record No. Far Safety Cntr/: 001 
Tat Safety Entries This Stk#: 002 
status: SE 
Date MSDS Prepared: OLFEB88 
Safety Oata Review Date: rJlNOV99 
Supply Ktem Manager: CX 
MSDS Preparer's Name: UNKNOWN 
MSDS Seriai Number: BHXQY 
Specification Number: NONE 
Spec Type, Grade. Class: NONE 
Hazard Characteristic Code: G3 
Unit Of Issue: W 
Unit Of Issue Cancainer Qty: 17 LITERS GAS 
Type Of Container: CYLINDER 

"*-\ NeC Unit Weight : UNKNOWN 
======p======================I==p=-============================================= 

Ingredients/Identity Informat~an 
5==========1=========I====oo-==I=-==P================================================ 
Proprrecary: NO 
Ingredient: PENTABE 
Ingredient Sequence Number: 01 
Percent: 0.75 
NIOSH (RTECSI Number: RZ9450000 
CAS Number: 109-66-O 
0.5~~ PSL: 1000 PPM 
ACGIH TLV: 600 PP?f/750STEL:9499 
Other Recommended Limit: NOT ESTABLISHED 
-----_-----------_------------------- 
Proprietary: NO 
Ingredient: AIR 
Ingredient Sequence Number: 02 
Percent: 99.25 
NIOSH (RTECSI Number: AKS275000 
OSHA PEL: NOT APPLICABLE 
ACGIH TLV: NOT ABPLICABLE 
Other Recommended Limit: NOT APPLICABLE 
==o=========p=======p===-flD==I====-=I================================-------- --------======== 

Physical/Chemrcal Characteristics 
====================PI============-I=================================== 
Appearance And Odor: COLORLESS GAS. FAINT HYDROCARBON ODOR. 
Vapor Density (Air=l): >L 
Decomposi:ion Temperature: UNKNOWN 
Solublli ty In Water: NEGLIGIBLE 
Viscosity: -OWN 
===============================IO=f0===========================-------- -------- 

Fire and Explosion Hazard Data 
==================================3-========================================= 
Ylash Point: NONE 
Lower Explosive Limit: 1.4 PENTANE 

,>>v ,_ Upper Explosive Limit: 8.0 PENTANE 
Extinguishing Media: NONFLAMMABLE. DLA-FUlI.5: USE WATER FOG. CARBON 
DIOXIDE. FOAM. OR DRY CHEMICAL. 
Special Fire Fighting Prac: DLA-HMIS: FIRE FIGHTERS SHOULD USE NIOSH 
APPROVED SCBA b FULL PROTECTIVE EQUIPMENT. USE WATER SPRAY TO COOL NEARBY 
CDNTAINERS EXPOSED TO FIRE. 
Unusual Fire And Expl Hazrds: GAS UNDER PRESSURE. 250 PSIG AT 70F. DO NOT 
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CXCEZD IZOF. 
;==============o=====================-=================================== 

Reaccr3riw Oaca 
:========o=============================:=================================== 
Scabilicy: YES 
Cond To Avo~ci (Stability): UIGH TEl3PEPATURE.S. OP?\I FLUES. 
"acerlals To Avoid: NONE S?ECIFIED BY MANUFACTURER. 
Hazardous Decomp Products : NONE SPSCIFIED BY MANUFACTZRER. 
Uazardous Poly Occur: NO 
Conditions To Avoid (Poly): NONE SPECIFIED BY XANUFACTURER. 
1==============================0============================================= 

Health Hazard Oaca 
=========================================================================== 
LDSO-KS0 %ixcure: LDSO (OPAL RAT) i UNKNOWN 
Route Of Encry - inhalation: YES 
Route Of Encry - Skin: NO 
Rowe Of Entry - Ingest-an: NO 
Health .Lfaz Acute And Chronrc: ?FDl'LWE MAY BE IXRITAT~NG TO KUCOUS 
MEMBRANES. 
Carcmogenicicy - NTP: NO 
Carcrnogenaci:y - IARC: NO 
CarcrnogenLcir/ - OSHA: NO 
Explanation Carcinogenicicy: NONE OF THE COMPOUNDS IN THIS PRODUCT IS 
LISTED BY IARC. NTP. OR OSHA AS A C.ARCINOGEN. 
Signs/Symptoms Of Overexp: MAY CAUSE RESPIRATORY TRACT IRRITATION. 
Med Cond Agqravaced By Exp: NO INFOPAATZON. 
Emergency/Firsl: Aid Proc: ?.EMOVE FROM EXPOSURE. 
====================f================-===================================== 

precaucsons for Safe Handling and Use 
:===================-=I=========1=============================================== 
Steps I: Mac1 Released/Spill: VENTILATE AREA. AVOID BREATHZNG GAS. 
Neutraiiting Agent: NONE SPECIFIED BY MANUFACTURER. 
W&ice Disposal Method: DO NOT PUNCTURE OR INCINERATE CYLINDER. BEFORE 
DISCARDING C?LiNDERs SLOWLY RELEASE CONTENTS TO A SAFE E.XHAUST. 
?recaucions-tiandling/Storlng: STORE IN A COOL, DRY. WELL-VENTILATED AREA. 
OC NOT EXCEED 12OF. OLA-HNIS: PROTECT FROM PHYSICAL DAMAGE. 
Othet Precauc-ans: AVOID aREATHING GAS. USE ONLY IN WELL-VENTILATED AREAS. 
FOLLOW THE CALIBUTION PROCEDURE DETAILED IN THE MSA INSTRUCTION &MAUNUAL 
PROVIDED ::ITH THE INSTRUMENT UNDER CALIBRATION. 
===p==================p33========1==-=0==================================== 

Control Measures 
1==========O=======P===========f==.;.============================Z============= 
Respiratory Proceccion: NONE NORHA2'Z.Y REQUIRED. OLA-HnIS: IF ENGINEERING 
CONTROLS FAIL OR NON-ROUTINE USE OR AN EMERGENCY OCCURS; WEAR AN MSHA/NIOSH 
APPROVTD AIR-SUPPLIED RESPIRATOR Ox SCBA. AS REQUIRED. US= IN ACCORDANCE 
WITH 29 CFR.l910.?.34. 
Vencllacion: USE ADEQUATE MECHANICAL VENTILATION TO MAINTAIN EXPOSURE 
BELOW TLVISI. 
Proceccive Gloves: WORK GLSVES FOR l%NDLING CYLINDERS. 
Eye Proceczion: APPROVED SAFETY GLASSES OR FACE SHIELD. 
Ocher ProceccLve Equipment: SAFETY SHOES AND,HEARING ?ROTECTION. 
Work Hygienic Practxes: OBSERVE G30D PERSONAL HYGIENE PRACTICES AND 
RECOMHENDED PROCEDURES. ZSE PROPER CARE WHEN HANDLIlvG ?.Z;i3 STORING 
CYLINDERS. 
Suppl. Safety & Health Data: NONE. 
=========================================================================== 

Transporcacion Data 
___________---------------------- -------------------------^-------p-=-3=-=================================== 

Trans Oaca Review Date: 9s305 
DOT PM Code: OQQ 
DOT Proper Shipping Name: COMPRESSED GASES, N.O.S. 
DOT Class: 2.2 
DOT ID Number: UN1956 
DOT Label: NONFLAMMABLE GAS 
IHO PSN Code: EQH 
IHO Proper Shippang Name: COMPRESSED GAS. N.O.S. 
In0 Regulations Page Number: tl.25 
CM0 UN Number: 1956 
IMO UN Class: 2C2.21 
IMO Subsidiary Risk Label: - 
IATA PSN Code: HDO 
IATA UN ID Number: 1956 
IATA Proper Shipping Name: COMPRESSED GAS. N.O.S. l 

IATA UN Class: 2.2 
IATA Label: NON-F LAMMABLE GAS 
AFI PSN Code: HDO 
AFI Prop. Shipping Name: COMPRESSED GAS. N.O.S. 
AFI Class: 2.2 
AFT I3 Number: UN1956 
AFI Label: NON-FLAMMABLE GAS 
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AFI Bdslc Px Ref: ?=5.3,Ab.i,A6.7 
N.O.S. Skippzng tkma. ?ENTANE. AIR. 

', hdditxonal ?: ans para: GAS UNDER PRESS'LRE. 250 PSlG AT 7OF, ATPROXIXATELY 
17'LITERS GAS AT A-Z::CS?HERIC ?RESSURE. 
======== ======5====i.======'=========------------------------------------ ------------------------------------=== 

Disposal Data 
------------------------------------------================================= ----_--_____________---------------------- 
---------------------------^---------------------------------------------==== ----_---____________--------------------------------------------------- 

Label Oaca 
=4======5===============-=-=1=================================================== 
Label Required: YES 
Technrcal Renew Date: 30AUG90 
MFR Label N,x.ber: NONE 
Label Status: F 
Commcn Name: MSA.466193 CALIBRATION CHECK GAS 
Chronic Hazard: NO 
Signai Chord: CAUTION! 
Acute Healcn Hazard-Sliqhz: X 
Contacc Hazard-None: X 
Fire Hazard-Slight: Y 
Reactivity Hazard-None: X 
Speciai Hazard Precaucrons: PENTANE MAY BE IRRITATING TO MOCOUS MEMBRANES. 
PROTECT CYLINDERS FROM PHYSICAL OAMAGE. STORE AWAY FROM EXTREME HEAT. KEEP 
CYLINDER vAL'JES CLOSED WHEN NOT IN USE AND WHEN EMPTY. 00 NOT EXCEED L20F. 
IF LNT-IALED. REMOVE VICTIM TO FRESH AIR. 
Protecc S'fe: Y 
Procecc Skm: Y 
Label Name: SINE SAFETY APPLIANCES CO 
iabel P.O. aox: 428 
Label City: PITTSBURGH 
Label State: PA 
Label Zip Code: 15230 
Label Counr;?f: US 
Label Emergency Number: 412-967-3000 
Year Procured: 1989 
==================================tP================================ 
URL for this msds htcp://siri.org. IE you wish CO change. add to. or 
delete information in this archive please send updates co dan0siri.org. 
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J T BAKER CHEMICAL -- tfYDRO\::iLOZIC ACID - HYDROCHLORIC ACID. ACS 
MATERIAL SAFETY DATA SHEET 
NSN: 68~0007s34786 
Manufacturer' s CAGE: 70829 
Part No. Indicator: A 
Part Number/Trade Name: HYDROCHLORIC ACID 
=========================================================================== 

General InformaLiOn 
===============================0============================================== 
Item Name: HYDROCHLORIC ACID. ACS 
Company s Name: J.T.SA.KER CilCxIChL CO. 
Company’s Street: 222 RED SCHOOL LANE 
Company's Ci:y: PHILLIPSBURG 
Company's State: NJ 
Company's Country: US 
Company's Zip Code: 08865-2219 
Company's Emerg Ph Y: 201-859-2151 - 
Com~any's Info Ph 1): 201-859-2151 
Distributor/Vendor tl 1: SXAPE PRODUCTS (415-534-1186) 
Distributor/Vendor # I Cage: 3D869 
Distributor/Vendor t 2: CHEMICAL COMMODITIES AGENCY 
OistribucortVendot # 2 Cage: 60777 
Record No. For Safety Entr/: 005 
Tot SafeLy Entries This Stk%: 007 
Status : SE 
Date MSDS Prepared: 07AUG91 
Safety Oaca Review Date: 07MAR94 
SUPPly Item Manager: CX 
MSDS Serral Number: SFNCY 
Specification Number: 0-C-265 
Hazard Characcerrscic Code: Cl 
Unit Of Issue: PT 
Unit OC Issue Concamer Qty: 16 FL OUNCES 
Type Of Container: BOTTLE 
Net Unit Weight: L.2 LBS 
===icr=== ======r===--------------------------------------------------------- __________________--------------------------------------- 

Ingredients/Identity fnformacion 
================================-P=================================== 
Proprietary: NO 
Ingredient: HYDROGEN CHLORIDE (HYDROCHLORIC ACID) (SARA 1111 
Ingredient Sequence Number: 01 
Percent: 33-40 
NIOSH (RTECSI Number:. HW402SOOO 
ChS Number: 7647-01-O 
OSXA PEL: C 5 PPX 
ACGIH TLV: C S PP?I; 9192 
------------------------------------- 
Proprietary: NO 
Ingredient: WATER 
Ingredient Sequence Number: 02 
Percent: 60-67 
NIOSH IR'XCSI Number: ZCO110000 
ChS Number: 7732-18-S 
OSXA PEL: NOT ESTABLISHED 
ACGIH TL'J: NOT ESTABLISHED 
Other Recommended Limit: NONE RECOMMENDED 
==o===========p========pI--====-=lal================================================ 

Physical/Chemical Characteristics 
===P========DP===E=I=1====0=-=1=====1-============================================== 
Appearance And Odor: CLEAR. COLORLESS OR SLIGHTLY YELLOW. PUNGENT, FUMING 
LIQUID. 
Boiling Point: 230F.LlOC 
Melting Point: -13F.-25C 
Vapor Pressure (MM Hg/70 F): NOT GIVEN 
Vapor Densicy (Air=l): 1.3 
Specific Gravity: L.19 
Decomposition Temperature: UNKNOWN 
Evaporarion Race And Ref: NOT GIVEN 
Solubili:y In Water: COMPLETE 
Percent Volaciles By Volume: LOO % 
QH: 1.0 
Corrosion Rate (IFY): UNKNOWN 
==i==P=z=============1===========5=-1==============~============================= 

Fire and Explosion Hazard Data 
=====================Pf========P==-============================================== 
Flash Point: NO-L& 
Lower Explosive Limit: NOT GIVEN 
Upper Explosive Limit: NOT GIVEN 
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Extinguash-ng Media: USE EXTINGUISHING MEDIA APPROPRIATE FOR SCRROUNDIXG 
,.---A FIRE. 

Special Fire Fighting Proc: FIRE FIGHTERS SHO'JLD USE NIOSH AP?ROVED SCBA & 
FULL PROTECTIVE EQUIPMENT WHEN FIGHTING CHEMIc:?+.L FIRE. USE WATER SPRAY TO 
COOL NEARBY CONTAINERS EXPOSED TO FIRE. 
Unusual Fire And Expl Hazrds: DO NOT GET WATER INSIDE OF CONTAINERS. KAY 
EMIT HYDROGEN GAS UPON CONTACT WITH METAL. 
=========================================================================== 

Reactivity Data 
-_---_-_____________------------------------------------------------------- -----_-_____________------------------------------------------------------- 
Stability: YES 
Cond To Avoid (Stability): HEAT, HOISTURE 
Materials To Avoid: MOST COMMON .XETALS. WATER. .x,!~NEs. METAL oxrn.Es. 
ACETIC ANHYDRIDE. PROPIOLACETONE:. VINYL ACETATE. MERCURIC SUiiATE 
Hazardous Oecomp Products: HYDROGEN CHLORIDE. HYDROGEN. CHLORINE 
Hazardous Poly Occur: NO 
Conditions To Avoid (Poly): NONE. WILL NOT OCCUR. 
===============================f=-============================================ 

Health Hazard Data 
==========================================--------------------------------- -------------------_------------- 
CDSO-LCSO Mixture: ~~90 ORAL = 900 MC/KG (RABBIT) 
Route Of Ent:,y - Inhalation: YES 
Route Of Entry - Skin: YES 
Route OC Entry - Ingestion: YES 
Health Hat Acute And Chronic: SNHAI&TION OF VAPORS HAY CAUSE ?ULMONARY 
EDEMA. CIRCULATORY SYSTM COLLAPSE. DAMAGE TO UPPER RESPIRATORY SYSTEM. 
COLLASPE. MAY CAUSE COUGHING AND DIFFICULT BREATHING. LIQUID MAY CAUSE 
SEVERE BURNS TO SKIN AND EYES. INGESTION MAY 'X%LSE SEVERE SURNING TO 
STOKACX AND MOUTH. MAY CAUSE NAUSEA AND VOMIT:NG. 
Carcrnogenicrcy - NTP: NO 
Carcinogenlclty - IARC: NO 
Carcinogenrcrcy - OSHA: NO 
Explanation Carcinogenicity: PRODUCT CONTAINS NO INGREDIENTS CURRENTLY 
CLASSIFIED AS CARCINOGENIC BY NTP. IARC OR OSHA. 
Signs/Symptoms Of Overexp: PULHONARY EDEMA. CIRCULATORY SYSTm COLLAPSE. 
UPPER RESPIRATORY TRACT DAMAGE. COLLAPSE. COUGHING. DIFFICULTY IN 
BREATHING. EYE BURNS. SEIN BURNS, BURNS TO STOMACH AND/OR MOUTH. NAUSEA AND 
VOMITING. ,*. -\ 
Med Cond Aggravated By Exp: NONE SPECIFIED BY MANUFACTURER. 
Emergency/First Aid Proc: CALL A PHYSICIAN AT ONCE. INGESTION: DQ NOT 
INDUCE VOMITING. IF CONSCIOUS. GIVE WATER. MILE OR MILK OF MAGNESIA. 
INHALATION: REMOVE TO FRESH AIR. IF NOT BREATHING. GIVE ARTIFICIAL 
RESPIRATION. IF BREATHING IS DIFFICULT. GIVE OXYGEN. EYES/SKIN: IMMEDIATELY 
FLUSH WITH PLENTY OF WATER FOR AT LEAST 19 MINUTE.5 WHILE FJZKOVING 
CONTAMINATED CLOTHING AND SHOES. 
=====================Df=-=======I=P==-=================================== 

Precautions for Safe Handling and Use 
=====================If=-====P========-P=================================== 
Steps If Mat1 Released/Spill: WEAR SELF-CONTAINED BREATHING APPARATUS AND 
FULL PROTECTIVE CLOTHING. STOP LEAE IF CAN W SO WITHOUT RISE. VENTILATE 
AREA. NELFA'RALIZE SPILL. WITH CLEAN SHOVEL. CAREFULLY PUCE MTERiAL IXTO 
CLEAN. DRY CONTAINER AND COVER. REMOVE FROH AREA. FLUSH AREA 
Neutralizing Agent: SODA ASii OR LINE. 
Waste Disposal Method: PRFJENT WAST- ,z FROM CONTAMINATING SURROUNDING 
ENVIRONMENT. DISCARD ANY PRODUCT, RESIDUE. DISPOSAL CONTAINER OR LINER IN 
ACCORDANCE WITH ALL FED-, STATE AND LOCAL REGULATIONS. 
Precautions-Handling/Storing: KEEP CONTAINER TIGHTLY CLOSED. STORE IN 
CORROSION-PROOF ARPA- ISOLATE FROM INCOMPATIBLE MATERIALS. DO NOT STORE 
NEAR OXIDIZING MATERIALS. 
Other Precautions : EPA HAZARDGUS WASTE NUMBER: Do02 (CDRRGSTVE WASTE). 
==po===========9=========3==p==II==P===I==============~==== ----w-e -e-_-e- -------z=---.---- 

Control Measures 
========================PP==I=====================================~============ 
Respiratory Protection: IF VENTILATION DOES NOT MAINTAIN I~IHALATION 
EXOSURES BELOW PEL (TLV). USE NIOSH/MSHA APPRO%D RESPIPATOR AS PER CURRENT 
29 CFR 1910.134, INSTRUCTIONS/WARNINGS AND NIOSH RESPIRATOR SELECTION. 
Ventilation: LOCAL EXHAUST AND MECHANICAL (GENERALI VENTILATION TO 
MAINTAIN EXPOSURE LEVELS. 
Protective Gloves: ACID RESISTANT 
Eye Protection: SAFETY GOGGLES AND FACE SHEILD 
Other Protective Equipment: UNIFORM. PROTECTIVE SUIT 
Work Hygienic Practices: WASH WITH SOAP AND WATER AFTEB HANDLING PRODUCI 
AND BEFORE EATING DRINEING OR SMOKING. ,._ .__ 
Suppl. Safety & Health Data: NONE SPECIFIED BY MANUFACTURER. 
-------------------------======Pf=-======---- ------------------------- ----===3===3==s=P 

Transportation Data 
=============r======I-=E-------------------- -----------------=============l=p============ 
Trans Data Review Date: 93264 
DOT PSN Code: HJG 
DOT Proper Shipping Name: HYDROCHLORIC ACID. SOLUTION 
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OOT Class: a . 
DOT ID Number : UN1769 
DOT Pack Group: ;I 
DOT Label: CORROSIVE 
IMO PSN Code: IEX 
IX0 Proper Shipping Name: HYDROCHLORIC ACID.SOLUTION 
IMO Regulations Page Number: 6183 
LMO UN Number: L789 
IMO UN Class: 6 
IMO Subsidiary Risk Label: - 
IATA PSN Code: NPG 
IATA UN ID Number: ?789 
IXTA Proper ShiQQlng Name: HMROCHLORIC ACID SOLUTION 
IATA UN Class: 8 
IATA Label: CORROSIVE 
AFI PSN Code: NPG 
AFI Symbols: T 
AFI Prop. Shipping Name: HYDROCHLORIC ACiD. SOLUTION 
x21 Class: a 
AFI ID Number: UN1789 
AFL Pack Group: II 
AFI Label: CORROSIVE 
AFT Special Prov: A3,A6.N41 
RF1 Basic Pat Ref: LZ-5 
_________________________^______________----------------------------------- ____________________------------------------------------------------------- 

Disposal Oata 
=====================o============-==;-==================================== 
Oisposal Data Review Date: 88085 
Ret It For This Oisp Entry: 02 
Tot Oiso Encrres Per NSN: 004 
Lancifili San Stem: YES 
OisRosal Suoolemencal Data: IN CASE OF ACCIDENTA L EXPOSURE OR OISCliARGE. 
cON&JLT HEA&+ AN0 SAFETY FILE FOR PRECAUTIONS. 
1st EPA Hat wst Code New: 0002 
1st EPA Har Wsc Name New: CORROSIVE 
1st EPA Har Wst Char New: CORROSIVITY 
lsc EPA Acute ?iatatd New: NO 
====================1=============;============================================ 
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Label Oaca 
=========================================================================== 
Label Required: YES 
Tachnical Review Oatze: 07MAR94 
M3 Label Number: NONE 
Label Status: G 
Common Name: HYDROCYLORIC ACID 
Chronic Hazard: NO 
Signal Word: DANGER! 
Acute Health Hazard-Moderace: X 
Concacc Hazard-Severe: X 
Fire Hazard-Slight: X 
Reactivrcy Hazard-Slight: X 
Special tfazard Precautions: INliALATION OF VAPORS MAY CAUSE PULMONARY 
EDE!?A. CIRCULATORY SYS?EM COLLAPSE. OAMAGE TO UPPER RESPIRATORY SYSTEM. 
COLLASPE. MAY CAUSE COUGHING AND DIFFICULT BREATHING. LIQUID 3fAY CAUSE 
SEVERE BUFUi.5 TO SKIN ?J?D EYES. INGESTION MAY CAUSE SEVERE BURNING TO 
STOMACH AND MOUTH. MAY CAUSE NAUSEA AND VOMITING. KEEP CONTAINER TIGXTLY 
CLOSED. STORE IN CORROSION-PROOF AREA. ISOLATE FROM INCOMPATIBLE MATERIALS. 
00 NOT STORE NEAR OXIDIZING MATERIALS. FIRST AID: CALL A PHYSICIAN AT ONCE. 
INGESTION: 00 NOT INDUCE VOMITING. IF CONSCIOUS. GIVE WATER. MILK OR MILX 
OF MAGNESIA. INHALATION: REMOVE TO FRESH AIR. IF NOT BREATHING, GIVE 
ARTIFICZAL RESPIRATION. IF BR 
Protect Eye: Y 
Protect Skin: Y 
Protect ReSQiratOFf: Y 
Label Name: J.T.BAlCER CHEMICAL CO. 
Label Street : 222 RED SCHOOL w 
Label City: PHILLIPSBURG 
Label State: NJ 
Label Zip Code: 08865-2219 
Label Country: US 
Label Emergency Number: 201-859-2151 
===========================P=====l==-========================-------- ----e-e- 
URL for this msds httQ:f/siri.org. If you wish CO change. add to. Or 
delete information in this archive please send updates co dan@siri.org. 
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,-,/,\, ; T BAKER CHE?lICiU+ -- ?IITRIC ACID - NITRIC ACID.ACS 
MATERIAL SAFETY DATA SHEET 
NSN: 6810002372954 
ManufacK'uer's CAGE: 70829 
Par= No. Indicator: A 
Part Nui'nber/Trade Name: NITRIC XCID 
--------____-_______------------------------------------------------------- _-------____________------------------------------------------------------- 

General :;formatlon 
=================2========================================================= 
Item Name: NITRIC ACID.ACS 
Company's Name: J.T.BAKER CHEYICAL CO. 
COmpany's Street: 222 RED SCHOOL LANE 
Company's City: PHILLIPSBURG 
Company's State: NJ 
Company's Country: us 
Company's Zip Code: 08865-2219 
Company's Emerg ?h X: 201-859-2151 
Company's Info Ph x: 201-859-2131 
Record No. For Safety Entry: 017 
Tot Safety Encries This StkX: 019 
Status: SE 
Date MSDS Prepared: OlMAYB9 
Safety Data Review Date: 19MAY92 
Supply Item Manager: CX 
MSDS Serial Number: BXTWQ 
Hazard Characcerrsbc Code: 04 
Unit Of Issue: BT 
Unit Of Issue Container Qty: 7.3 LBS 
Type Of Concaaner: BOTTLE 
Net Unit Weight: 7.0 LBS 
==00===9======== ==========-_-------========iflfp=========== _-__----- 

Ingrediencs/Identizy Infomnacion 
=======o========o======p9=0==================================================== 
Proprietary: NO 
Ingredient: NITRIC ACID (SARA III1 - 
Ingredient Sequence Number: i?l 

1 .,b.. Percent: 65-71 
masH (RTECSI Number: Qu577saaa 
CAS Number: 7697-37-2 * 
OSHA PEL: 2 PPM/J STEL - 
ACGIH TLV: 2 PPW4 SiEL; 9192 l 

Other Recommended timic: NONE SPECIFIED 
--------_---------------------------- 
Propriecar/: NO 
Ingredlenc: WATER 
Ingredient Sequence Number: 02 
Percent: 29 - 35 
NIOSH (RTECSJ Number: ZCOllbOOO , 
CAS Number: 7732-18-S 
OSiiA PEL: NOT ESTABLISHED 
ACGIH TLV: NOT ESTABLISHED 
Other Recommended Limit: NONE StECIFIED 
====================y====I--I-==================================================== 

PhysicaifChemical Characteristics 
==o==============o===-P=-=====-==o=I=l================================================ 
Appearance And Odor: CLEAR. COLORLESS LIQUID. SUFFOCATING (CHOKING1 ODOR 
Boiling Point: 249F.121C 
Melting Point: -43F,-42C 
Vapor Pressure (MN Hg/70 F): 9 
Specific Gravity: 1.4 
Evaporacron Rate And Ref: UNXNCIWN 
Solubilicy In Water: COMPLETE 
Percent Volaciles By Volume: LOO 
pH: l(.LMl 
Corrosion Rate (IPYI: UNEcNowN 

Fire and Explosion Hazard Data 
===PI=P========i3==o'===ip===o=I====9=============================================== 
Flash Point: NONE 
Extinguishing Media: WATER SPRAY. USE WATER SPRAY TO KEEP FIRE EXPOSED 
CONTAINERS caoL h FLUSH SPILLS AWAY. 

..-,. Special Fire Fighting Proc: USE SELF-CONTAINED BREATHING APPARATUS IN 
POSITIVE PRESSURE MODE AND FULL BODY PROTECTTON. REMOVE FIRE-EXPOSED 
CONTAINERS . DO NOT GET WATER INSIDE CONTAINERS. 
Unusual Fire And Expl Hazrds: STRONG OXIDIZER. CONTACT WITH OTHER MATERIAL 
MAY CAUSE FIRE. WITH METALS PRODUCES HZ WMICN WITH AIR CAN FORM EXPLOSIVE 
MIXTURE. EXOTHERMIC REACTION WITH WATER. 
==P===PD===31==P=IP=0=fl-Pf=P======1================================================= 
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===================================================================~======= 
StabliLcy: YES 
Cond To Avoid (Stability): HEAT, LIGHT, MCISTUKE 
Macerrals To Avoid: STRONG BASES. CCMBUSTISLES. STRONG REDUCING AGENTS. 
:4CST COMMON METALS, ORGANIC XA?ERIALS. ALCOHOLS. CARBIDES. CARBONATE 
Hazardous Oecomp Pzoduccs: NITROGEN OXIDES , HYDROGEN GAS 
Hazardous Poly Occur: NC 
condzcions To Avo1.d (?oly): NOT AF'PLICASLE 
===================pI======================================================== 

Weaith Sazarci Data 
===========================================================---------------- ---------------- 
LDSO-LCSO Mrxture: TLV IS 2 PP?I 
Route Of Entry - 1nhalar;on: ES 
Route Of Encry - Skin: YES 
Route Of Encry - Ingestion: YES 
Healcb Haz Acute And Chronic: ACUTE-SEVERE IRRITATION/BURNS OF EYE.SXIN. 
RESPIRATORY SYSTDl.INKALiNG CA3SE.S CCtJGHING.CIFFICULTY IN BREATHING.CHEST 
PAIN,PULMONARY EDEMA.LUlG :NFLAMNATICN.UNCCNSCICUSNESS & MAY BE PATAL. 
0RALL.K CAUSES NAUSEA.VCMITING.SEVERE SURNS & ULCERATION OF MCUTH.THRCAT, 
STCMACH.MAY 9E FATAL-CHRONIC-OAXAGE TO XNG h TEETH. 
Carcinogenicity - NTP: NC 
Carcinogenicity - SARC: NC 
Carcinogenicity - CSHA: NO 
Signs/Symptoms Of Cverexp: SEVERE IRRITATION/BURNS OF EYE. SXIN. 
RE:PI;WTCRY SYSTEM. INHL%LING CAUSES COUGHING. DIFFICULTY IN BREATHZNG. 
CHEST PAIN. PULMONARY EDEMA. L;iG INFLWXATICN. UNCONSCIOUSNESS & MAY BE 
FATAL. ORALLY CAUSES NAUSU. :;CHITING. SEVERE BURNS h ULCERATION OF MOUTH. 
THROAT. STOMACH. MAY BE FATAL. 
Med Cond Aggravated By Exp: PSRSCNS WITH PRE-EXISTING SKIN DISORDERS CR 
EYE PROBLEMS CR IMPAIRED RESPIARATORY FUNCTION CR CARDIOPULMONARY DISEASE 
WAY BE MORE SUSCEPTIBLE TO TH& EFFECTS OF THE SUBSTANCE. 
rMMEDiATELY FLUSH WITH WATER FCR AT LEAST Is MINUTES.HCLD EYELIDS OPEN. 
1NHALED:REMOVE TO FRESH AIR h FRCVIDE CXYGEN/CPR IF NEEDED.CFAL:DC NOT 
INDUCE VOMITING.IF CONSCIOUS .5?.INK LARGE AMOUNT OF WATERfMILX/MILX OF 
MAGNESSA.CALL A PHYSICI+ IIYME~IATEL?.NEVER GIVE ANYTHING BY MOUTH TO AN 
UNCCNSC:CUS PERSON. 

Precautions far Safe Handling and Use 
===r====================f-=================================================== 
Steps If Marl Released/SpiLl: 'X&Xii PROPER PROTECTIVE EQUIPMENT. VENTILATE 
AREA. 00 NOT RELEASE INTO SOIL. SEWER. STREAM. STOP LEAK IF POSSIBLE. 
NEUTRALIZE WITH SOOA ASH CR LIME. WITH CLEAN SHOVEL. PLACE MATERIAL INTO 
CLEAN CONTAINER FOR DISPOSAL. FLUSH SPILL AREA WITH WATER. 
Neutralizing Agent: J.T. BAKER NEUTRASCRB 
Waste Disposal Method: DISPCSZ OF IN ACCCRDRNCE WITH ALL APPLICABLE 
FEDERAL, STATE AND LOCAL REGULATZCNS. f?A HAZARDOUS WASTE NUMBER: 0001, 
0002 (IGNITABLE.CCRROSIM WASTE). XEEP COMBUSTIBLES (WOOD, PAPER, OIL. ETC. 

I AWAY FROM SPILLED MATERIAL. 
Precautions-Handling/Scorrng: STORAGE-STORE IN CCCL,DRY.wELL VENTILATED 
AREA AWAY FROM INCOMPATIBLES & LIGHT.KEEP CONTAINER TIGHTLY CLOSED.PRCTECT 
CONTAfNERS FROM PHYSICAL DAMAGE. 
Other Precautions: AVOID SREATHING VAPORS CR MISTS. 00 NOT GET IN EYES, ON 
SKIN CR ON CLOTHING. WASH THChCUGHLY AFTER HAND--- u&-I- AND BEFORE EATING CR 
CRINXING. REMOVE CONTAMINATED CLCTHING PROMPTLY. KEEP CUT OF REACH OF 
CHILDREN. 

Control Measures 
==========p================================================================ 
Respiratory PrOteCciOn: USE CHMICAL CARTRIDGE RSSPIRATCR UP TO 100 PPH. 
USE SELF CONTAINED BREATHING APPARATUS AT AND ABOVE 100 PPM. 
Vencilacion: USE GENERAL OR LOCAL EXHAUST. 
Proceccive Gloves: ACID RESISTANT GLOVES. 
Eye Proceccion: SAFETY GLASSES/CHEMICAL SPLASH GOGGLES 
Other Protective Equipment: SAFETY SHOWER AND EYE BATH. INDUSTRIAL TYPE 
WORK CLOTHING AND APRON AS REQUIRED TO AVOID PROLONGED CR REPEATED CONTACT. 
Work Hygienic Praccices: OBSERVE GOOD PERSONAL HYGIENE PRACTICES AND 
RECOMMENDED PROCEDURES. CO NOT WEAR CONTAMINATED CLCTHING CR FOOTWEAR. 
=3========1=1=====o========-p-I================================================ 

TransQortaiTion Data 
==============o=================-P=========================================== 
Tram Data Review Date: 92140 
DOT PM Code: KFD 
CUT Proper Shipping Name: NITRIC ACID cn3-r Class: a OfIT ID Number: UN2031 
DCT Pack Group: II 
DOT Label: CORROSIVE 
IMO PSN Code: KPF 
IMO Proper Shipping Name: NITRIC ACID 
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IX Reguiac:xs Page Nmaer: 3153 
I'9 'UN Nunme-: 2031 , _I_> 
IX0 UN CidSS. d 
20 Subsldia-y Risk Labei: - 
IXTA PSN Co&=. RWF 
xxx ux ID Number: 2031 
ZTA Proper Shipping Name: NITRIC ACID 
I.YTA rUi? C' ass 8 - . 
IOTA Lanei: CORROSIVE 
Air’1 PSii Code: RWF 
Ar'i Symbols. 0 
AtI Prop. Shjgping Name: NITRIC XCIO 
XI C'ass 6 - . 
X?i ID Number: iTN203: 
*71 Pack Group: II 
.?I Label: CORROSIVE 
API Basic Pat Ref: 12-14 
.%ddicLonal Trans Data: CONTAINS 55 - 77 4 NITRIC ACID. 
===========================t======I============================================ 

Oisposal Data 
=========================================================================== 
======p========p======p==========Ip============================================ 

label Data 
==========================p-================================================= 
Label Required: YES 
Technrcai Review Date: 19MAY92 
VFR Label Number: UNKNOWN 
Label Status: F 
Common Name: NITRIC ACID 
:;gnai Word: DANGER! 
Acute riealth Hazard-Severe: X 
Concacc 5arard-Severe: X 
7;re Hazard-None: X 
Zeacxvicy Hazard-Slight: X 
Specral Hazard Precautions: ACUTE-SEVERE IRRiTATZONIBURNS OF EYE.SKIN. 
~ZSPIiWTORY SYSTW.INHALiNG CAUSES COUGHING.OLFCZCULTY LN BREATHING.CHEST 
PAIN.PULi4ONARY EDEMA.LL'EIG INFLAMMATLON.UNCONSCIOUSNESS h MAY BE FATAL. 
ORALLY CAUSES NAUSEA.VOEIITING.SEVZRE BUE'JIS & ULCERATION OF MOUTH.THROAT. _ . . n,. STONACH.HAY BE FATAL.CBRONIC-DAMAGE TO LUNG h TEZTH.STOPAGE-STORE IN COOL, 
ORY.WELL STENTILATED AREA-FIRST AID-GET MEDICAL ATTENTION IMMEDIATELY.EYE/ 
SKIN:IIMMEDIATELY FLUSH WITH WATER FOR AT LF3ST 1 5 MINUTES-HOLD EYELIDS 
OPEN.INHALED:REMOVE TO FRESH AIR h PROVIDE OXYG:ZlCPR IF NEEDED.ORAL:OO NOT 
INDUCE VOMITING.IF CONSCIOUS.DRINK MGE Al4OUlIT OF WATER/MILK/MILK OF 
MAGNESIA.CALL PHYSICIAN. 
Protecc Eye: Y 
Procecc Skin: Y 
7rocecc Respiratory: Y 
Label Name: .T.T.BAKER CH3lI0.L CO. 
Label Street: 222 RED SCHOOL LANE 
Label CL cy : PHILLIPSBURG 
Label S:ace: NJ 
Label 2~2 Code: 08865-2219 
Label Country: US 
Labei Ecnergency Number: 201-859-2151 
================o=======o-================~==========================~=== 
URL fez this msds hccp:f/sisi.org. If you wish co change, add co, or 
delete mformacion in this archive please send updates CO dan@siri.org. 
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; T BRKER -- 3680. S'ir,-URIC ACID - 3L'LFURIC ACID.ACS 
HATEKXAL SAFETY DATA S:FET 
NSN: 6810001467515 
Manufacturer's CAGE: 70829 
Part No. Indicator: A 
Part Number/Trade Name: 9680. SULFURIC ACID 
===================-------================================================= 

General InfOiCmaClOn 
================-----=~==================================================== 
Item Name: SULrzJRIC AC:'.D.ACS 
Company’s Name: Z T BZJER INC 
Company's Screec: 222 RED SCHOOL LANE 
Company’s City: PHILLI?SJURG 
Company’s State: NJ 
Company’s Country: US 
Company's zip Code: 08865-2219 
Company’s Emerg Ph #: 20~-as9-2~s~;a00-424-9300~cmm7Ec~ 

Company's Info Ph 6: 201-582-2537 
Record No. For Safety Entr{: 004 
Tot Safety Entries This Stkt: 004 
Status: SMJ 
Date MSDS Prepared: OlMAY99 
Safety Data Review Date: 06MAY92 
MSDS Serial Number: ENPLN 
Hazard Characcerrstic Code: Cl 
Unit Of Issue Container Qty: L.OOO POUND 
Type Of Container: BOTTLE 
Net Unit Weight: 1.000 LB 
=========================================================================== 

Ingredients/Identrcy information 
=========================================================================== 
Proprzetary: NO 
Ingredient: SULFURIC ACID 
Ingredient Sequence Number: 01 
Percent: 90-98 
NIOSH (RTECSl Number: WS56OOOOO 
CAS Number: 7664-93-9 
OSXA PEL: 1 MG/M3 
ACGIH TLV: 1 HG/M3:3 MG/M3 STEL 
------------------------------------~ 
Proprietary: NO 
Ingredient: WATER 
Ingredient Sequence Number: 02 
Percent: 2-10 
NIOSH (RTECSI Number: ZCOllOOOO 
CAS Number: 7732-La-5 
OSHA PEL: NOT APPLICAi3LE 
ACGIH TLV: NOT APPLICAQLE 

Physical/Chemical Characceriscics 
=======================I===================================================== 
Appearance And Odor: CLEAR. COLORLESS TO YELLOW VISCOUS LIQUID. OUORLESS. 
Boiling Point: 62OF.327C 
Malting Point: 28.4F.-2.OC 
Vapor Pressure (MM Hg/70 Fl: < 0.3 Q2OC 
Vapor Oensicy lAir=l) : 3.4 
Specific Gravity: 1.84 
DeCOmQOSiCiOn Temperature: UNKNOWN 
Evaporation Rate And Ref: c 1 (BUTYL ACETATE = 11 
Solubility In Water: COMPLETE 
Viscosrcy: UNKNOWN 
Corrosson Race (IPY): UNKNOWN 

Fire and Explosion Hazard Data 
===========3=p============================================================= 

Flash Point: NOT APPLICA3LE 
Lower Explosive Limit: N/A 
Upper ixplosive Limit: N/A 
Extinguishing Media: USE DRY CHEMICAL OR CARBON DIOXIDE. 00 NOT USE WATER. 
Special Fire Fighting Proc: WE.%!= NIOSH/MSHA APPROVED SCBA AND FULL 
PROTECTIVE EQUIPMENT. DO NOT G&T WATER INSIDE CONTAINERS. 
Unusual Fire And Expl Hazrds: REACTS W/MOST METALS TO PRDCE HYDROGEN GAS. 
WXICX CAM FORM AN EXPLO MIX W/AIR. A VIOLENT EXOTHERMIC RXN OCCURS W/litO. 
SUFFICIENT HEAT MAY BE PRDCD (SUPP DATA1 
III========P===P====I-x3o=I======1================================================= 

Reactivity Oaca 
=I=I=====I======P=Z=E====I=3=5=====-=P=================================== 

Stability: YES 
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qi3W al hazI.sm.or~ 

Cond To Avard (Stability) : 
Materials To Avoad: WATER. 

'7 ii-% AGENTS . COMBUSTIBLE HhTLS. 
iiazardous Decom~ Products: 
Hazardous Poly Occur: NO 
Conditions To Avoid (Poly) 

>:QI STUKE i-EAT _ 
V!YST METALS. ~:?.GANIC MXRIALS. SXONG REDUCING 
STRONG 3ASES. ('PRBONATES. :S,?P DATA) -. 
SXZDES OF SDLTUR. HYDROGEl:. 

NOT RELE-JAN: 
---------------------------======lf========================================== -------------_______------- 

Heaich Hazard Data 
_---- -----------------------------------====== 3===========------===========---------------------------------------- 

LDSO-LCSO MLxture: LDSO:~OKAL.RATI~~~O MGlKG 
Route Of Entry - Inhalation: YES 
Route Of Entrv - Skin: NO 
iioute Of En&f - Ingestion: NO 
Health Haz Acuce And Chron&c: ACLi: INHALATION: SEVERE LRRITXTION OR 
SEVERE BURNS. SiIN ABSQRPTION: NONE IDENTIFIED. ISGESTZON: NAUSEA. 
VOMITING, SEVERE BURNS TO MOUTH. THROAT. AND STOMACii. XI3NEY 3ISFUNCTION. 
CHRONIC: LUNG DAMAGE. 
Carcinogenrcicy - NTP: NO 
Carclnogenrci:y - IARC: NO 
Carcinogenicicy - OSHA: NO 
Explanation Carcinogenicicy: NOT RELEVANT 
Med Cond Aggravated By EXQ: RESPIRATORY SYSTEM DISEASE. 
Emergency/First Aid Proc: INGESTION: C&L A DOCTOR. 00 NOT EDUCE 
VOMITING. IF CONSCIOUS. GIVE LARGE AMOUNTS OF WATER. I?IHALATiON: REHOVE TO 
FRESH AIR. IF NOT BR&\THING. GIVE ARTIFICIAL RESPI.RATION. IF SREATHING IS 
DIFFICULT, GIVE OXYGEN. SKIN: ImDIATELY FLUSH WITE WATER FOR AT LMST 15 
IMMEDIATELI FLUSH WITH WATER FOR AT LEAST I.5 MINUTES. 
============30IP=====3=-==-==-f=IL=====0=================================== 

precautions for Safe Handling and Use 
_______-----_--__--_-------------------------- ==================5==========---------------------------------------------- 

Steps If Mat1 Released/SQili: WEAR NIOSH'MSHA APPRVD SC&l i T::'LL PROT 
CLTHC. STOP L%A.K IF YOU CAN DO SO W/OUT RISK. DO NOT USE WATER. NEUTRALIZE 
SPILL &/OR WASHING WITH SODA ASH OR LI?IE. W/CLEAN Sz-:OVEL. P-LACE YATL INTO 
CLEAN, DRY CONTR & COVER. MOVE CONTR(S1 FROM SPILL AREA. 
Neutraiiring Agent: J.T. BAKER NEUTRASORB (R) OR TE?&l 'LOW NA*’ ACID 
NEUTRALIZERS. SOOA ASH/LIME. 
Waste Disposal Method: DISPOSE IN ACCORDANCE WITH ALL X'PLiCXBLE FEDERAL, 
0002. 0003 (CORROSIVE, REACTIVE WASTE]. 

,. --. Precauclans-Handling/Storrng: KEEP CONTAINERS TIGHTLY CLOSED. LOOSEN 
CLOSURE CAUTIOUSLY. STORE IN CORROSION-PROOF AREA. KEEP CONTAINERS OUT OF 
SUN AND AWAY FROM HEAT. 
Other Precautions: ISOLATE FROM INCOMPATIBLE MATERIALS. DO NOT GET IN 
EYES. ON SKIN. OR ON CLOTHING. M) NOT BREATHE VAPORS. 
=P====I==I=3===I==0======f=P================================================== 

Control Measures 
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--------------------------------------===================================== -------_--__________------------------ 
Respiracoq Protection: NONE REQUIRED WHERE ADEQUATE 'IENTILAYION 
CONDITIONS EXIST. IF AIRBORNE CONCENTPATION EXCEEDS ?LV. NIOSH/MSm 
APPROVED SCBA IS ADVISED. 
Ventilation: USE GENERAL OR LOCAL EXHAUST VENT3..ATION TO MEET TLV 
REQUIREMENTS. VENT HOOD. 
Proteccrve Gloves: RUBBER GLOVES. 
Eye Procecbon: CHEHICAL WORK GOGGLES. FULL FACESHLPLO 
Ocher Proceccive Equipment: 'JNIFORM. PROTECTIVE SUIT. LAB COAT. APRON. 
DELUGE SHOWER AND EMERGENCY EYE WASH 
Work Hygienic Practices: WASH THOROUGHLY AFTER HANDLI?IG. 
TO 1GI;ITE COMBUSTIBLE MATERIALS. MATERIALS TO AVOID: SULFIDES. CYANIDES. 
STRONG OXIDIZING AGENTS. CARBIDES. 
----------------------------------========================================= ---------------------------------- 

Transportation Data 
----------------------------------=T=========================================== ______-_----_---____------------ 
Trans Data Review Date: 92241 
DOT PSN Code: NUC 
DOT Proper Shipping Name: SULFURIC ACID 
cm Class: a 
DOT ID Numner: UN1830 
OOT Pack Group: II 
DOT Label: CORROSIVE 
IMO PSN Code: OFJ 
IMO Proper Shipping Name: SULPHURIC ACID 
IMO Reguiacions Page Number: 8230 
IMO UN Number: 1830 
IMO UN Class: 8 

Ax, IMO Subsidiary Risk Label: - 
IATA PSN Code: XIX 
IATA UN ID Number: 1830 
LATA Proper Shipping Name: SULPHURIC AC3 
IATA UN Class: 0 
IATA Label: CORROSIVE 
AFI PSN Code: XIX 

5/13/97 8:18:15 AM 



q130444 at hazl.sm.ore 

AFI Prop. Shipping Name: SCLBHURIC ACID 
AFL Class: Y 
AFI ID Number: UN1830 

'AFI Pack Group: XI 
AFI Label: CORROSIVE 
AFI Special Prov: 2.A3,~7.N34 
API Basic Pat Ref: 12-S 
=========================================================================== 

Disposal Data 
=========================I=================================================== 
======r============================o===================================== 

Label Oaca 
==========================I=-================================================= 
Sahel Requrred: YES 
Technical Review Dam: 06MAY92 
Label Date: OSMAYYZ 
Label Stacus: G 
Conunon Name: 9680, SULFURIC ACID 
Chronic Hazard: YES 
Signal Word: DANGER! 
AcuCe Health Hazard-Slight: X 
Contact Hazard-Severe: X 
Fire Hazard-None: X 
Reacelvicy Hazard-Slight: X 
Special Hazard Precauuons: CORROSIVE! POISON! REACTS WITH METALS TO 
PRODUCE FLAHMAELE H-2 GAS. REACTS VIOLENTLY WITH WATER. CONTACT WITH OTHER 
KATERIALS .X&Y CAUSE f1R.E. ACUTE: EYE/SEIN CONTACT CAUSES SEVERE BURNS. 
INHALATION CAUSES SEVERE BURNS OR IRRITATION OF THE RESPIiiATORY SYSTEM. 
PULMONARY EDEMA, LUNG INFLAMMATION. INGESTION CAUSES NAUSEA, VOMITING, 
SEVER& BURNS TO MOUTH. THROAT, & STOMACH. CHRONIC: .mY CAUSE LUNG O-GE. 
Procecc Eye: Y 
Procecc Skin: Y 
Procecc Resprracory: Y 
Label Name: J T BARER INC 
Label Street: 222 RED SCHOOL LANE 
Label City: PHILLIPSBURG 
Label State: NJ 
Label Zio Code: 08865-2219 
Label Co;ncry: US 
Label Emergency Number: 20~-~~9-21~1;8~~-424-9300~CH~RECI 

Page 3 or 3 

-___-____-____-___----------------------------------------------------- -------_--------_---__________^_________------------------------------- 
URL for this msds btcp://siri.org. If you wish co change. add co. or 
delete information in this archive please send up&aces co danQsiri.org. 
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3 T BAKER -- SODIUM HYDROXIDE - SODIUM HYCROXIDE.XCS 
*'1IR1 MATERIAL SAFETY DATA SHEET 

NSN: 631aOO17465.95 
Manufac=,Jrer's CAGE: 70829 
Part No. Indicator: A 
?arr- Numer/Trade Name: SODIM HYDROXIDE 
=================________--___----------------------------------------------------- __________________-_-------------------------------------- 

General InfarmacaOn 
====0====================================================================== 
Item Name: SODIUM KYDROXIDE.ACS 
Company's Name: .J.T.aAKEK INC. 
Companys Street: 222 RED SC:+CCL LAi'IE 
Company's City: PHILLIPSBURG 
COmpai'Iy's State: NJ 
Company * s Country: US 
Company's Zip Code: 08865-2219 
Company's Emerg Ph II: 201-859-2151 
Company's Info Ph #: tOl-3S9-2151 
Record No. For Safety Entry: 010 
Tat Safety Entries This Stk%: 010 
Status: SE 
Date MSDS Prepared: OlMAY39 
Safety Oaca Revrew Date: 02MAY91 
Supply Item Manager: CX 
MSDS Serral Number: 3DFQQ 
Speczficacion Number: O-C-265 
Hazard Characterrstic Code: C2 
Unit Of Issue: LB 
Unit Of Issue Container Qty: '.OLB 
Type OE Container: SOTTLE 
Net Unsc Werghc: 500.0 GM 
======0============================1========================================= 

Ingredients/Tdentity Information 
==========================-=E================================================= 
Prapriecary: NO 
Ingredient: SODIUM HYDROXIDE (SARA III1 
Ingredient Sequence Number: 0: 

, ” ‘-7 Percent: 98-100% 
NIOSH (RTECSI Number: 'W34900000 
CAS Number: 1310-73-t 
OSHA PEL: 2 MG/M3 
ACGIH TLV: C 2 MG/M3: 9293 
Other Recommended Limit: NONE SPECIFIED 
=========================f=-I================================================== 

Physical/Chemical Characteristics 
============================-f=-=============================================== 
Appearance And Odor: WHITE PZLLETS OR FLAKES. ODORLESS. 
3oilir.g Domr: 2534F.l.39OC 
Melting Paint: 504F.318C 
Vapor P:essure (MM Hg/70 Fl: c 1 
Specific Gravity: 2.130 
Decompasztion Temperacure: UXFJ3OW3 
Solubility In Water: APPRECIA3LE 
Percent VolatiLes By Volume: 3 
Corroszon Rate (IPY): UNlcNOWN 

Fire and Explosion Hazard Data 
_-----__--------------------------------------------- -----------------------------------------------------~===================== 

Extinguishing Media: USE EXTINGUISHING MEDIA APPROPRIATE FOR SURROUNDING 
FIRE. 
Special Fire Fighting Proc: h-a FZRE FIGHTING PROTECTIVE EQUIPMENT AND A 
FULL FACED SELF CONTAINED BREATHING APPARATUS. FLOOD WITH WATER. M) NOT 
SPLATTER OR SPLASH THIS MATERZAL. 
Unusual Fire And Expl Hazrds: CONTACT WITH MOISTURE OR WATER MAY GENERATE 
SUFFICIEIJT HEAT TO IGNITE COMBUSTIBLE MATERIALS. KEilCTS WITH MOST METALS TO 
PRODUCE HYDROGEN GAS. 
=========0==========2=L------------------------------------------------------- -_____--------------------------------------------- 

Reactivity Data 
5==============1=======9====15================================================= 

Stability: YES 
Cond To Avoid (Stability): MOISTURE 

c 

Macerlals To Avoad: WATER, STRONG ACIDS. MOST COMMON METALS, COMBUSTIBLE 
-, MATERIALS, ORGANIC &MATERIALS. ZINC. ALUMINUM. PEROXIDES. 

Hazardous Poly Occur: NO 
Condiclons To Avoid (Poly): NOT APPLICXBLE 
================o===I======================================================== 

Health Hazard Oata 
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iDS0-KS0 Mixture: iDS0 (ORAL RATI IS UNXNOWN 
Raufe Of Entry - iXtx3.lacion: ES 
Route Of-Entry - Skin: YES 
Route Of Encrf - Ingescloc: YES 
Health Haz Acute And Chronic: ACUTE: CORROSI'G TO ALL BODY TISSUES W/ 
WHICH KT COMES IN CONTACT. CHRONIC: SUPERFIC:XL OESTRUCTION OF THE SKIM AND 
OF PRIMARY IRRITANT OERMATITIS. IHALATXON OF DUST. SPRAY OR MIST MAY RESULT 
IN VARYING DEGREES OF IRRITATION OR DAMAGE ';I) THE RESPIRATORY TRACT 'TISSUES 
AND AN INCREASED POSSIBILITY OF RESPIPATORY ILLNESS. 
Carcinogenicicy - NT?: NO 
Carcrriogenicity - IARC: NO 
Carcinogenicrty - OSHA: NO 
'Zcplanaclon Carcumgenicicy: ?IONE OF THE CHEMICALS IN THIS PRODUCT IS 
LISTED BY IARC, N'TP OR OSHA AS X CARCINOGEN. 
Signs/Sycnptoms Of Overexp: INHALE: DAMAGE TC THE UPPER RESPIRATORY TRACT 
AND EVEN TO THE LUNG TISSUE. SLW: SEVERE BURNS. EYE: SEVERE BURNS WITH 
OAMAGE TO THE EYE AND EVEN BLINDNESS. INGEST: SEVERE BURNS AND COMPLETE 
TISSUE PERFORATION OF MUCOUS MEHBRrzNES CF THE MOUTH. THROAT. ESOPHAGUS. AND 
STOMACH. 
Med Cond Aggravated By Exp: PERSONS WITH A HISTORY OF SKIN AND RESPIRATORY 
DISORDERS MAY BE AT INCREASED RISiC FROM EXPOSURE. 
Emergen~//First Aid Proc: SKIN:WASH W.SOAP h W-20. EYES:FLUSH W. H-20. 
1NGESTED:OON'T INDUCE VOMITING. 1NHALBD:REMOVE TO FRESH AIR. GIVE CPR/ 
OXYGEN IF NEED. XEEP WARM & QUIET. REHOVE CCNTAMINATED CLOTHING. NEVER GI'JE 
WHINC BY MOUTH TO UNCONSCIOUS PERSON. 
==========================-=I==I======-==================================== 

precauclons for Safe Handling and Use 
=============t======-I======0==-===-1=================================== 
Steps If Mat1 Released/Spill: 'NEAR SCBA AND FULL PROTECTIVE CLOTHING. WITH 
CLEAN SHOVEL. CAREFULLY PLACE MATERIAL INTO CIEAN. DRY CONTAINER AND COVER: 
REMOVE FROM AREA. FLUSH SPILL AREA WITH WATER. 
Neutralizing Aqenc: NONE APPLICABLE FOR THIS MATERIAL 
Waste Disposal Method: DISPOSE OF IN ACCORDANCE WITH ALL APPLICABLE 
FEDERAL. STATE JUJD LOCAL LAWS AND REGULATIONS. KEEP OUT OF SEWERS. STORM 
DRAINS. SURFACE WATERS. AND SOIL. 
Precautions-Handling/Storing: STORE IN COOL. DRY. WELL VENTILATED AREA 
AWAY FROM MOISTURE. SOLVENTS. ACIDS. AND ORGANIC MATTER. KEEP CONTAINERS 
CLOSED. 
3ther Precautions: THIS MATERIAL GENERATES CONSIDERABLE HEAT WHEN 
DISSOLVED IN WATER. WHEN MIXING WITH WATER ALWAYS ADD CAUSTIC SODA SLOWLY 
TO WATER AND STIR CONTINUOUSLY. NEVER ADD WATER TO CAUSTIC SODA. 
==============---------------------------------------------- ----------------------------------------------=============== 

Control Measures 
====P========E==f========f-==1====7============================--------- v------e- 
Respiratory Protection: RESPIRATION PROTECTION IS NOT REQUIRED UNDER 
NORMAL USE. USE NIOSH/MSW APPROVED RESPIRATORS WHERE DUST, MIST OR SPRAY 
MAY BE GENERATED. 
Ventilation: USE ADEQUATE LOCAL EXHAUST VENTI-LATION WHERE OUST, MIST. OR 
SPRAY MAY BE GENERATED. 
Proceccive Gloves: NATU~L aii auTYL RUBBER 
Eye Protection: CHEMICAL SAFETY GOGGLES/FACE SHIELD 
Other Protective Equipment: SAFETY SHOWER AND EYE BATH. OTHER EQUIPnEXT AS 
REQUIRED TO MINIMIZE EXPOSURE FROM PROLONGED OR REPEATED CONTACT. 
Work Hygienic Practices: WASH THROUGHLY AFTER HANDLING AND BEFORE &XTING. 
LAUNDER CONTAMNATED CLOTHING BEFORE RNSF. 
=I===========I===f====fE======f===IP=================~===========~=============== 

Tr~QorKaKiOn Data 
==============================1===============----------- -----------========0= 
Trans Oaca Review Date: 91122 
DOT PSN Code: NGU 
DOT Proper Shipping Name: SODIUM HYDROXIDE, SOLID 
DOT Class: 8 
WT ID Number: UN1823 
DOT Pack Group: Ii 
DOT Label: CORROSIVE 
IMO PSN Code: NSX 
IMO Proper Shipping Name: SODIUM HYDROXIDE. SOLID 
1240 Regulations Page Number: 9225 
1~0 or4 Number: la23 
1x0 ur4 Class: a 
IMO Subsidiary Risk Label: - 
IATA PSN Code: WSO 
IATA UN ID Number: 1823 
IATA Proper Shipping Name: SODIUM HYDROXIDE, SOLID 
IATA (IN Class: 8 
IATA Label: CORROSIVE 
AFI PSN Code: WSO 
MI PrOQ. Shipping Name: SODIUM HYDROXIDE. SOLID 
MI Class: a 
ATI ID Nunher: uma23 
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.\?I Prck Group: IT 
+.'I I-a3zL: CORROS&E 
.3c i --- Ras1c Pat Ref: 17-7 
-=====;=~~================================================================== 

Dlsposai Data 
1========================================================================== 
Jlsposai Oata Review Date: a8036 
?.ec # For This Disp Entry: 04 
Tot D~sp Encrles Per NSN: 004 
>andf;ll 3an Item: YES 
S;spozaL Supplemental Data: MSOS EFFECTIVE:l0/8/35,ISS~D ON 12/17/85: 
Z?EC RZ.'ERENCE:O-C-2655 REGULATED BER %h/oOo REQUIREMENTS: CHECK 40 CF?. 
25i FtZ E?6 REGULATORY POLICY. 
ISt EPA Haz WS~ Code New: 0002 
ISC E?A Haz Wsc Name New: CORROSIVE 
ls;c EPA Haz Wst Char New: CORROSIVITY 
SSt E?A Acute Hazard New: NO 
======================================================~============~======= 

Label Data 
_-__---_-___________------------------------------------------------------- ____________________------------------------------------------------------- 
Label Required: YES 
Technical Review Date: 02?IAYPl 
Label Status: F 
Common Name: SODIUM HYDROXIDE 
Signal Word: DANGER! 
Acute Health Hazard-Moderate: X 
Concacc Hazard-Severe: X 
Trre Baza:d-None: X 
?.eactrv:cy Hazard-Slight: X 
Zpeclai Hazard Precauclons: CONTACT CAUSES B'JRNS TO SKIN AND EYES. IF 
Z-HALES. MAY BE HARMFUL. FIRE MAY FROOUCE IRRITATING OR POLSONQCJS GASES. 
30PERFiCIAL OESTRUCTION OF THE SKIN AN0 OF PRIMRY IRRITANT DERMATITIS. 
:KALATION OF OUST, SPRAY OR MIST LYAY RESULT IN VARYING DEGREES OF 
:RRITATLON OR OAMAGE TO THE RESPIRATORY TRACT TISSUES AN0 AN INCREASED 
?OSSIBILITY OF RESPIRATORY ILLNESS. STORE TN COOL. DRY. WELL V!Z!ZILATEO 
r\RM AWAY FROM MOISTURE. SOLVENTS. ACIDS. AND 0RG;UJIC K+TTER. KEEP 
CONTAINERS CLOSED. 
Protect Eye: Y , . .."_ Protect Skin: Y 
Protect Respiratory: Y 
Label Name: J.T.BMER INC. 
Label Screec: 222 RED SCHOOL LANE 
Label City: PHILLIPSBURG 
Label State: NJ 
Label Zip Code: aa8hs-2219 
Label Country: US 
Label Estergency Number: 201-859-2151 
====0====1=======1===3=================================================== 
3RL for this msds http:ilsiri.org. :f you wssh to change. add to. or 
delete information in this archzve please send updates to danQsrri.org. 
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- T SAKER -- 3001 METHANOL - METHANOL 4 

MTERIAL SAFETY D:,TA SHEET 
:ISN: 6aloooFol69~7 
:4anufaccurer*s CAGE: 70829 
?art No. Indicator: A 
Part Number/Trade Name: 9091 METHANOL 
======1=======7=====================================================------- ----w-o 

General InformaCiOn 
-------__--________-------------------------------------------------------- --_---______________------------------------------------------------------- 
Icam Name: METHANOL 
Company's Name: .i T BAKER LX 
Company’ 3 Street: 222 RED SCHOOL L;LNE 
Company's City: PHILLlZiEURG 
Company's State: NJ 
Company's Zip Code: 03365 
Company's berg Ph #: (908) 859-2151 
Company's Info Ph 11: 1-aoa-582-2537 
Oistributor/Vendor t 1: LAX0 SCIENTIFIC DIV OK 73104 
Oistribucor/Vendor t 1 Cage: IA109 
Oistrlbutor/Vendor # 2: WC0 SCIENTLF'TC OIV OK 73104 
Distributor/Vendor t 2 Cage: LA109 
OistrsbucorlVendor il 3: LA3CO SCIENTIFIC OIV OK 73104 
Oistribucor/Vendor Y 3 Cage: LA109 
Distributor/Vendor t 4: LABCO SCIENTIF’IC OIV OK 73104 
Distrxbucor/Vendor # 4 Cage: lAl09 
Record No. For Safety Entry: 001 
Tot Safety Entries This St!&: 001 
Oace MSDS Prepared: 0lMAY89 
Safety Data Review Date: 24JUL91 
?reparer's Company: J T BAKER INC 
Preparer's St Or P. 0. Box: 222 RED SCHOOL LANE 
Preparer's City: PHILLIPSBURG 
BreQarer's State: NJ 
Preparer's Zip Code: 08865 
Other MSDS Number: LABCO SCIENTIFIC OIV OK 73104 
MSDS Serlal Number: BKTVV 

Ingredients/Sdenticy Information 
=====l====f==============~==-P========================~====================== 
ProQrretary: NO 
Ingredient: ,KETHYL ALCOHOL (METHANOLI (SARA Ii11 
Ingredient Sequence Number: 01 
Percent: 90-100% 
NIOSH (RTECSI Number: PC1400000 
CAS Number: 67-56-I 
OSHA PEL: S.ZOOPPM/ZSOSTEL 
ACGIH TLV: S.ZOOPPM/2SOSTEL; 93 
Other Recommended Limit: 200 PPM 
====================='==-=l===P=======--=================================== 

Physical/Chemical Characceriscics 
======p=============I-===p=o==P====I==-==================================== 
Appearance And Odor: CLEAR, COLORLESS LIQUID W/PUNGEB'l' ODOR. 
Boiling Point.: 149F 
Melting Point: -144F 
Vapor Pressure (MM Hgf70 F): 96 
Vapor Oensity (Air-11 : 1.11 
Specafic Gravity: 0.79 
Evaporation Rate And Ref: (BU AC = 1 1: 4.6 
Solubility In Water: COMPLETE 
Percent Volatiles By Volume: LOO% 
-----___ -----___ 3========0======11=oP====I==-======13====================================== 

Fire and Exploszon Hazard Data 
==PP========f=====f==‘=============================================~========= 

Flash Paint: f4F 
Flash Point Method: CC 
Lower Explosive Limit: 6% 
Upper Explosive Limit: 36% 
Extinguishing Media: ALCOHOL FOAM, DRY CHEMICAL. OR CO2. WATER MAY BE 
INEFFECTIVE. USE WATER SPRAY TO REDUCE VAPORS. 
Special Fire Fighting Prcr. WEAR PROTECTIVE EQUIP & SCBA W/PULL FACEPIECE 
OPERATED IN POSITIVE PRESSURE IOOE. SAFELY. MOVE CONTAINERS. USE WATER TO 
KEEP FIRE EXPOSED CONTAINERS COOL. 
Unusual Fire And Expl Hatrds: VAPORS MAY FLOW TO IGNITION SOURCES/ 
FLASHBACX. CLOSED CONTAINERS EXPOSED TO HEAT NAY EXPLODE. BURNS W/CLEAR. 
ALHOST INVISIBLE FL&lE. ALlTO-IGNITION TMP: B67F. 
=====================-=I=====--TP=9-==PP=================================== 

Reactivity Data 
==P=lf==I9========II====-==Z-P==================================-------========== ----e-e 
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Stani:::-f: ?ES 
_ :*_Cond To AvaLd (Stablli~y): EAT. F',iyE. FLARES. 3:K'KI::G OR OTHER SOURCES 

‘?F IGNSTION . 
acerrals To Avoid: STRONG OXIDIZI?:C AGENT:. ACIDS. Z:::C. ALUMINUM, & 

.4AGNESIuM. 
Hazardous Decomp Products: CO. CO2. h FORM&OEHYDE. 
Hazardous Poiy Occur: NO 
=========================================================================== 

Heaich Harard Data 
=====================-9===f====7================================================= 

LDSO-LC50 Mixcure: OPAL LD50 (RATI: 5623 MG/KG 
Route Of Entry - Inhalation: YES 
Route Of Entry - Skin: YES 
Route Of Entry - Ir.gestion: YES 
Health Raz Acute And Chronic: INHALATION: .HARMNL/HEADACHE/NAUSEA/ 
VOMITIP:G/UIZZINESS/NARCOSiS/RESPIRATOR Y FAILURE/LO% SLOOD PRESSUREICNS 
DEPRESSICN/FATAL. SKIN: IRRITATION/DERMATITIS. EYE: iRRITATION/CORNEhL 
DAMAGE, INGESTION: HA~NL/BLINDNESS/H~ACHE/NAUS~/VOMITING/DIZZINESS/ 
GASTROINTESTINAL IRRITATION/CNS DEPRESSION/HEARISG LOSS/FATAL. 
Carcinogenrcrty - NTP: NO 
Carcinogenicicy - IARC: NO 
Carcinogenrcrcy - OSHh: NO 
Explanacian Carcinogenicicy: NONE 
HARMFUL. ~LIN~NE~~. HEADACHES. NAUSEA. voMITIm. z:zznmss. G~.~~u~INTEsTINAL 
IRRITATION. CNS DEPRESSION, HEARING LOSS. & FATAL. ?OLSON. CANNOT SE MADE 
NON-POISONOUS. 
Fled Cand Aggravated By Exp: EYE, SKIN. LIVER OR SIDNEY DISORDERS. 
EmergencylFrrsc ALd Proc: INGESTION: iF CONSCIOUS. DRINX DLSNTY OF WATER. 
INDUCE VOMITING. INHALhTION: REMOV3 TO FRESH AIR. G77E CPR OR OXYGEN IF 
:IEEDED. SKIN/EYES: FLUSH W/PLENTY OF WATER FIR AT LEhST 15 MINS. OBTAIN 
MEDICAL ATTENTION IN ALL CASES. POISON. C%RUOT SE MADE NON-POISONOUS. 
-----------,----------~---------------------------------------------------- _--_-________________________^__________----------------------------------- 

?recaucLons for Safe Handling and Use 
====================-p=-P======================================================= 
Steps If Mat1 Released/Spill: WEhR PROTECTI'JF, EQUIP. SHUT OFF IGNITION 
SOURCES. SAFELY, STOP LEAK. USE WATER SPRAY TO REDUCE VAPORS. ThKE UP W/ 
ShND OR OTHER NON-COMBUSTI3L.E ABSQR3ENT MATERIAL h PLACE INTO CONTAINER FOR 
LATER OISPOSAL. FLUSH AREA W/WATER. 

.“dil~ Waste Disposal Method: ffISPOSE 0 F IN ACCORDANCE W/LOCAL. STATE. 6r FEDERhL 
REGULATIONS. EPA HAZARDOUS WASTE NUMBER: U154. F-LAMMhBLE LIQUID. UN123C. 
Precautions-Handling/Storing: KEEP CONTAINER TIGHTLY CLOSED. STORE IN A 
COOL, DRY. WELL-VENTILATED. FLhMMA3 LE LIQUID STOPAGE AREA. 30ND/GROUNO. 
CONTAINERS WHEN TRANSFERRING LIQUID. 
Other Precautions: AVOID CONTACT W/EYES, SKIN. CLOTHING. & BREATHING 
VAPORS. KEEP OUT OF REACH OF CHILDREN. OON'T SMOKE. CONTACT W/STRONG 
OXIDIZERS MhY CAUSE FIRE. 

Control Measures 
==================p=====I=13=a=================================================== 
Resp-ratory Procecczon: AT CONCENT~TIONS >200 PPM. USE A SELF-CONTAINE3 
BRWTHING APPARATUS. 
Ventilation: PROVIDE GENE.RAL/LOCAL EXHAUST VENTILATION TO KEEP <TLV. 
?roceccive Gloves: RUBBER 
Eye Protection: SAFETY GOGGLES, FACE SHIELD 
Other Protective Equipment: UNIFORM. PROTECTIVE SUIT 
work Hygienic Practices: REMOVE/LAUNDER CONTAMINATED CLOTHING BEFORE 
REUSE. 

Transportation Oata 
============PI=Z=====I=f=5==0==-====I=-============================-------- ------we 
===IO========h=='===-=I=-==I====a===========================~======================= 

Oisposak Oaca 

Label Data 
===============I=I====-=-=P=======p=I===============~==================== 
Label Requized: YES 
Labei Stacus: G 
Common Name: 9091 METHANOL 
Special Hazard Precautions: INHhLATIGN: HhRMFUL/HEhDACHE/NAUSEh/VOMITING/ 
OIZZINESS/NARCGSIS/RESPIRhTORY FAILURE/LOW BLOOD PRESSURE/CNS OEPRESSION/ 
FATAL. SKIN: IRRITATION/DERMhTITfS. EYE: SRRITATION/CORNEAL DAMAGE. 
INGESTION: HARMNL/3LINDNESS/HEhDACHE/NAUSEh/VOMITIEG/DIZZINESS/ *.a* -z 
KIDNEY/LIVER DAMAGE. SKIN: IRRITATION h DERMATITIS. EYES: IRRITATION & 
CGRNEAL W&AGE. INGESTION: HARMFUL. BLINDNESS. HEhDACHE. NAUSEA. VOMITING. 
QIZZINESS, GASTROINTESTINAL IRRITATION, CNS DEPRESSION. HEARING LOSS. & 
FATAL. POISON. CANNOT BE MADE NON-POISONOUS. 
Label Name: J T BAXER INC 
Label Street: 222 RED SCHOOL LANE 
Label C;ty: PHILLIlSBURG 
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Label Scace: NJ 
Label Zip Code: 08865 
Label Emergency Number: (908) 859-2151 
======================================================================= 
URL Ear :h;s mds htt~:ilsrri.org. 12 you -I& to czange. add co. or 
delete infomat:on in this arcblve piease send updaLes to dan@srr;.org. 
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,' T RAKER -- 3E;wh’E. 0310 - N-HE.XANE. AC; 
.\'*-*. MATERIAL SAFETY DATA SHEET 

NSN : 6ama3~27~a9 
Manufacturer's CAGE: 70829 
Part No. Indicator: x 
Pari Number/Tzade Name: HEXANE. 9310 
r========================================================================== 

Generai InfOm.aclOn 
1========================================================================== 
Item Name: N-HEXANE. ACS 
Company' 9 Name: 2 Y 8AKER INC 
Company's Street: 222 RED SCHOOL LUJE 
Company's Ci:y: PHILLIPSBURG 
Company’s State: N; 
Company' s CouncLy : US 
Company's Zip Code: 08865 
Company's Energ eh 1: 2a~-859-2~5~;800-424-9300~cxmrRm 
Company s s Info Ph #: 201-859-2151 
Record No. For Safety Entry: 003 
Tot Safety Encries This StkX: 003 
Scams: SMJ 
Date MSDS Prepared: JlMAY89 
Safety Data Revrew Date: 24FEB93 
MSDS Serial Number: 3RR!KC 
Hazard Characcerlscc Code: NK 
====P============ _________________----------------------------------------- _______________-_----------------------------------------- 

Ingredients/Identity InformatLon 
======9==========_______---_----------------------------------------------------- ________________------------------------------------------ 
Proprlecarf: NO 
Ingredient: IiEXANE (X-HEXWE) 
Ingredient Sequence Number: al. 
Percent: >99 
NIOSH (RTECSI Number: ,m927faaa 
CAS Number: 110-54-3 
OSI-IA PEL: SO0 PPM 
ACGIH TLV: 50 PPM: 9293 
-----------_------------------------- 

.s_ Proprietary: NO 
Ingredient: CYCLOPZJTANE. METHYL-;(METHYLCYCLOPENTANE) 
Ingredient Sequence Number: 02 
Percent: c2 
NIOSH (RTECSI Number: GY4640000 
CAS Number: 96-37-7 
OSHA PEL: NOT APPLICABLE 
ACGIH TLV: NOT APPLICABLE 

Physical/Chemical Characteristics 
==========================IP====-==f============================================= 
Appearance And Odor: COLORLESS LIQUID. FAINT OOOR 
Boiling Posnc: lS6F.69C 
Melting Point: -139F.-95C 
Vapor Pressure (KM Hg/70 F): 130 8 2OC 
Vapor Ornsity (Air=ll: 3 
Specific Gravity: 0.66 (H'20=1) 
Evaporation Rate And Ref: 9 (BUTYL ACETATE=11 
Solubility In Water: NEGLIGIBLE (~0.1%) 
Percent Volatiles By Volume: LOO 
-------_____________------------------------------------------------------- _------_____________------------------------------------------------------- 

Fire and Explosion Hazard Data 
===========o======p==9===z======I================================================ 
Flash Point: -9F,-23C 
Flash Point Method: CC 
Lower Explosive Limit: 1.2% 
Upper Explosive Limit: 7.7% 
Extinguishing Media: USE ALCOHOL FOAM. DRY CHEMICAL OR CARBON DIOXIDE. 
(WATER MAY BE INEFFECTIVE). 
Special Fire Fighting Proc: WEAR NIOSH/MSHA APPRVD SCBA & FULL PROT 
EQUIP(FP N). MOVE EXPOSED CNTNRS FROM FIRE AREA IF IT CAN BE DONE W/OUT 
RISK.USE WATER TO KEEP FIRE-EXPOSED CNTNRS COOL. 
Unusual Fire And Expl Hazrds: VAPORS MAY FLOW ALONG SURFS TO DISTANT IGNIT 
SOURCES AND FLASH BACK. CLOSED CONTAINERS EXPOSED TO HEAT MAY EXPLODE. 
CNTCT WITH STRONG OXIDIZERS MAY CAUSE FIRE. .,‘k, 

.Reaccivicy Data 
------________--____----------------------------------- ------,__-_,-,--____-,-----------------------------------========~=========== 

Stability: YES 
Cond To Avoid (Stability): HEAT, FLAME. OTHER SOURCES OF IGNITION. 
Materzals To Avoid: STRONG OXIDIZING AGENTS. CHLORINE. FLUORINE. MAGNESIUN 
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PERCHLORATE. 
Hazardous Decomp Products: CARBON KONOXIDE. C:aBON DIOXIDE. 
Hazardous Poly occur: NO 
Conditions To Avoid (Paly) : NOT RELEVANT. 
========z========================o-===============================~~~..== 

Health Hazard Oaca 
--------____________------------------------------------------------------- --------____________------------------------------------------------------- 
LD38-CC30 Msxcure: NONE SPECIFIED 3Y MANUFACTURER. 
Route Of Entzy - Inhaiaclon: 'iZS 
ROUtf? Of Entry - Skin: NO 
Route Of Entry - I=.gestion: YES 
Health Haz Acute A-d Chronic: 9LOOD CHANGES WVE BEEN REPORTED IN 
LABORATORY ANIMALS. IN TESTS WITH LABORATORY ANIMALS, FETAL DEATH F-A.5 BE=< 
REPORTED IN ONE OUT OF THREE STUDIES. INHAL:HEADACHE. NAUSEA, VOMITING, 
DIZZINESS. DROWSINESS. IRRITATION OF UPPER RESPIRATORY TRACT, 
UNCONSCIOUSNESS. MAY CAUSE NARCOSIS. SKIN:IRRITATION. IEFTS OF OVEREXP) 
Carcinogenicicy - NTP: NO 
Carcinogenicity - IARC: NO 
Carcinoqenicity - 05x4: NO 
Explanation Carcinogenicity: NOT RELEVANT. 
HEADACHE, NAUSEA. VOMITING, DIZZINESS. GASTROINTESTINAL IRRITATION. 
CHRONICzCENTRAL NERVOUS SYSTEM DEPRESSION. TARGET ORGANS:SKIN, EYES, 
RESPIRATORY SYSTEM. LUNGS. 
Med Cond Aggravated ay Exp: NONE IDENTIFIED. 
Emergency/FFrst Aid Prac: INGEST:CALL MD. 00 NOT INDUCE MMITING. 
1NHAL:REMOVE TO FRESK AIR. I F NOT BREATHING GIVE ARTIFICAL RESPImTION. IF 
BREATHING IS DIFFICULT GIVE OXYGEN. SXIN:IMMEDIATELY FLUSH WITH PLENTY OF 
WATER FOR AT LEAST 15 MINUTES. EYE:IMMEDIATELY FLUSH WITH PLENTY OF WATER 
FOR AT LEAST 15 MINUTES. 

Precaucrons for Safe Handling and Use 
;===o===============-I=p======================================================= 
Steps If Ma:1 Released/Spill: WEAR SUITABLE PROT CLTHG. SHUT OFF IGNIT 
SOURCES; NO FLARES. SMOKING. OR FLAMES IN AREA. STOP LEAK IF YOU CAN 00 SO 
W/OUT RISK. USE WATER SPRAY TO REDUCE VAPORS. TARE U? W/SAND OR OTHER NON- 
COMBUST ABSORB MATL & PLACE INTO CNTNR FOR LATER (SUPP DATA) . 
Neutralizing Agenc: NONE SPECIFIED BY MANUFACTURER. 
Waste Disposal Method: DISPOSE OF IN ACCORDANCE WITH ALL APPLICABLE 
FEDERAL, STATE AND LOCAL ENVIRONMENTAL REGULATIONS. 
PrecauCions-HandliagJStoring: KEEP CONTAINER TIGHTLY CLOSED. STORE IN A 
COOL. DRY. WELL-VZNTILATED, FLAMMABLE LIQUID STORAGE AREA. 
Other Precautions: BOND AND GROUND CONTAINERS WHEN TRANSFERRING LIQUID. 
KEEP AWAY FROM HX\T, S?ARlCS. Frm. 00 NOT BREATHE VAPOR. KEEP IN TIGHTLY 
CLOSED CONTAINER. USE WITH ADEQUATE VENTILATION. 
================----------------------------------------------------------- ___-_------------------------------------------------------ 

Control Measures 
----------------_.-__------------------------------------------------------- -------_____--______------------------------------------------------------- 
Respiratory Protection: ALL RESPIRATORS MUST BE NIOSH/MSHA APPROVED. 
RESPSRATORY PROTECTION REQUIRED IF AIRBORNE CONCENTKATION EXCEEDS TLV. AT 
CONCENTK4TICN UP TO 1000 PPM. A CHEM CA2TRIDGE RESP WJORG VAP CARTRIDGE IS 
REC. ABOVE THIS LEVEL. A SCBA IS RECOMMENDED. 
Ventilation: USE GENERAL OR LOCAL EXHAUST VENTILATION TO MEET TLV 
REQUIREMENTS. 
ProCective Gloves: NEOPRENE GLOVES. 
Eye Protection: CHMICAL WORKERS GOGGLES (FP N). 
Other Protective Equipment: UNIFORMS -AND APRONS. 
Work Hygienic Practices: WASH THOROUGHLY AFTER HANDLING. 
supp1. Safety h Health Data: SPILL PROC:DISPOSAL. FLUSH AREA WITH WATER. 
===9======;====0====-==1==========1==5===============- -======I====================== 

Transportation Oaca 
===================I===-o======I==pD=====================~======================== 
Trans Data Review Date: 93288 
DOT PSN Code: HEX 
DOT Proper Shipping Name: KEXANES 
DOT Class: 3 
WT ID Number: UN1208 
WT Pack Group: Ii 
WT Label: FLAMMABLE LIQUID 
IMO PSN Code: IBN 
IMO Proper Shipping Name: NORMAL HEXANE * 
IMO Regulations Page Number: SEE 3129 
1x0 UN Number: 1208 
IMO UN Class: 3 .L 
IMO Subsidiary Risk Label: - 
IATA PSN Code: NICG 
IATA UN ID Number: 1208 
IATA Proper Shipping Name: HEXANES 
IATA UN Class: 3 
IATA Label: FLAMMABLE LIQUID 
AFI PN Code: NlCG 
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.\FI Prop. Shipprng Name: KEXmVES 
XI Class: 2 

< I^," iF1 ID Number: UN1208 
i.FI Pack Group: II 
iFI Label: FLAMMABLE LIQUID 
AFT Basic Pat Ref: 7-7 
====================================o======================================== 

Disposal Data 
=============-----===========p======I========================================== 
==========================-=p================================================= 

Label Data 
1===========-------======================================================== 
Label .9equurred: YES 
Technical Review Date: 04MAR93 
Label oace: 04MAEl93 
Label Status: G 
Conunon Name: HEXANE. 9310 
Chronic Hazard: YES 
Signal Word: DANGER! 
Acute Health Hazard-Slight: X 
Contact Hazard-Slight: X 
Fire Hazard-Severe: X 
Reactivity Hazard-None: X 
Special Hazard Precautions: FLAMMABLE. iiSEP AWAY FROM HE%T. C?ARXS AN3 
FLAME. SOND AND GROTJND CONTAINERS WHEN TRANSFERRING LIQUID. USB WITH 
ADEQUATE VENTILATION. ACUTE:INHAL:HElADACHE. NAUSEA. VOMITING. DIZZINESS, 
DROWSINESS, IRRITATION OF il??ER RESPIRATORTY TRACT. UNCONSCIOUSNESS, :*AY 
HEADACHE. NAUSEA. VOMITING, DIZZINESS. CASTROiNTESTINAL IRRITATION. 
CHRONIC:CZNTKAL NERVOUS SYSTW DEPRESSION. TARGET 0RGANS:SiCIN. ZYES. 
RESPZPATORY SYSTEM. LUNGS. 
Procec: Eye: Y 
Procecc Skin: Y 
Procecc liespr:ator/: Y 
Label Name: J T BAKER INC 
Label Street: 222 RED SCHOOL LANE 
Label City: PHILLIPSBURG 
Label State: NJ 
Label Zip Code: 08865 

--.. Label Country: US 
Label Emergency Number: 201-859-2151:800-424-9300(CHEMTRECl 
========================zI-o=Ip============================================== 
URL for this msds http://siri.org. If you wish to change. add to. or 
delete information in this archive please send updates to dan@siri.org. 
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CHEM SERVi'CE -- ISOPROPANOL. O-l.68 
mTERIAI. L.AFETY DATA SHEET 
NSN: 68i,J?YrJO66279 
Manufactu:er's CAGE: 8Y898 
Part No. Indicator: A 
?arr, Number/Trade Name: ISOPROPANOL. O-168 
=========o===================o=============================================== 

Generai Informatron 
=====0===========;==0======5===1-======5=================================== 
Company's Name: CHEM SERVICE INC 
Company's P. 0. Box: 3108 
Company's City: WEST CHESTER 
Company's State: PA 
Company's Country: US 
Company's Zip Code: 19381 
Company's Emerg Ph #: 215-692-3026 
Company’s Info ?h #: 215-692-3026 
Safety Data Actron Code: C 
Record No. For Safety Entry: 001 
Tot Safety Entries This Stk#: 001 
Status: SMJ 
Oate MSDS Prepared: OlSEP88 
Safety Dam Review Date: 07DECYS 
MSDS Serial Number: CBDMH 
---------------------------------------------------------------============ _------___-_-_______------------------------------------------- 

Ingredients/Identrty Information 
=========================================================================== 
Proprrecary: NO 
fngredient: ISOPROPYL ALCOHOL; (ISOPROPANOLI (SARA 313) 
Ingredient Sequence Number: IL 
NIOSH (RTECS) Number: NT8050000 
CAS Number: 67-63-O 
OSHA PEL: 400 PPEl 
ACGIH TLV: 400 PPM: SO0 STEL 
---------------_----___________^________----------------------------------- __----___-_----___--------------------------------------------------------- 

Physical/Chemical Characceriscics 
=========================================================================== 
Appearance And Odor: COLORLESS LIQUID. 
Boiling Point: 181F.83C 
Melting Point: -L27F.-89C 
Vapor Pressure (MM Hg/70 F): 33 B 2OC 
Specific Gravity: 0.785 
Solubility In Water: MISCIBLE 

Fire and Explosion Hazard Data 
:====P==fZ===l========5========================~============================= 
Flash Point: 71.6F.22.OC 
Lower E,xplosive Limit: 2% 
Upper &.xplosive Limit: 12% 
Extinguishing Media: CARBON DIOXIDE. DRY CHEMICAL POWDER OR WATER SPFGY. 
Special Fire Fighting Proc: USE NIOSHfMSHA AP?ROVED SCBA AND FULL 
PROTECTIVE EQUIPMENT (FP Nl . 
Unusual Fire And Expl Hazrds: THIS IS A FLAMMABLE CHEMICAL. 
=====P=========lfl=====iP====P-====-==ZI==========================.========= 

Reactivity DaEa 
===E='===003=======P------------------------------------------ ------------------------------------------============= 
Stability: YES 
Cond To Avoid (Stability): NONE SPECIFIED BY MANUFACTURER. 
Materials To Avoid: FLAMMABLE. INCOMPATIBLE W/STRONG ACIDS, W/STRONG 
OXIDIZING AGENTS h W/HALOGENS. REACTS W/ACID HALIDES & AN?IYDRIDES. 
Hazardous Oecomp Products: DECOMPOSITION LIBERATES TOXIC FUMES. l 

Hazardous Poly Occur: NO * 
Conditions To Avoid (Poly): NOT RELEVANT * 
===l=Pf==pf======Df===lf--==I==P'-=================================================== 

Health Hazard Data 
=====================I================--------------------------------------- --------------------------------------- 
LDSO-CC50 Mixture: LDSO: (ORAL. PATI SO45 MG/KG * 
Route Of Entry - Inhalation: YES l 

Route Of Entry - Skin: YES * 
Route Of Entry - Ingcscion: YES * 
Health Haz Acute And Chronic: CONTACT LENSES SHOULD NOT BE WORN IN 
LABORATORY. ALL CHEMICALS SHOULD BE CONSIDERED HAZARWUS. AVOID DIRECT 
PHYSICAL CONTACT! CAN CAUSE EYE IRRITATION. CAN CAUSE SKIN IRRITATION. 0U.q~ 
AND/OR VAPORS CAN CAUSE SRRITATION TO RESPIRATORY TRACT. CAN BE IRRITATING 
TO MUCOUS MEMBRANES. CAN BE HARMFUL IF (EFTS OF OVEREXP) - 
Carcinogenicity - NTP: NO * 
Carcinogenicity - IARC: NO l 

Carcinogenicity - OS?IA: NO * 
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Explanatron Carcxxogeniczt-i: ?:QT RELEJAMT * 
,~,,,,,~S~gns/SymQcoms of Overexp: riLT;H KU: S'r;ALLOWED. Z:ARCOTIC AT HIGH 

‘CONEMTMTIONS. - 
ted Cond Aggravated By Erp: PK.% SPECIFIED BY MANUFACTURER. * 
EmergencyiFirsn Aid Proc: ;?:GEST: ANTIDOTE IS SUBSTANCE ZNTENDED TO 
COUNTERACT EFT OF POIS. ;T SHOULD BE ADMIN ONLY B'i MD OR TRAINED EMER OERS. 
:4ED ADVICE CAN BE OBTAINED FROM POIS CT: CTR. EYES: FLUSH CONTINUOUSLY W/ 
WATER FOR AT LEAST IS-20 MIN. SKIN: FLZ9H W/WATER FOR 15-20 MIN. IF NO 
BURNS HAVE OCCURRED. USE SOAP C :JATER TCI CLEANSE SKIN. INHAL: REMOVE TO 
FRESH AIR. ADMIN OXYGEN IF HAVING DFCLTY BRTHG. IF BRTHG (SUPOAT * 
==============--------------------------=================================== __-______----------------- 

PrecautLons for Safe Handling and Use 
=========================================================================== 
steps r: Mat1 Released/Sprll: Zv'ACUATE AREA. 'WEAR APPROPRIATE OSHA- 
REGULATED EQUIPMENT. VENTILATi AREA. ABSORB ON VERMICULITE OR SIMItAR 
MATERIAL. SWEEP UP AND PLACE I:1 AN APPROPRIATE CONTAINER. HOLD FOR 
DLS?OSAt . WASH CONTAMINATED SURFACES TO REMOVE ANY RESIDUES. * 
Neutralizing Agent: NONE SPECIFIED BY XAMUFACTURER. - 
Waste Disposal Method: DISPOSAL MUST B- = IN ACCORDANCE WITH FEDERAL. STATE 
AND LOCAL REGULATIONS (FP N). BURN IN A CHEMICAL INCINERATOR EQUIPPED WITH 
AN AFTERBURNER AND SCRUBBER. - 
PrecautLons-Kandling/Stofrng: ?.VOID CONTACT WITH SKIN. EYES AND CLOTHING. 
KEEP TIGHTLY CLOSED AND STORE SN A COOL. DRY PLACE. STORE ONLY WITH 
COMPATIBLE CHEHICALS. * 
Other Precautions: PERSONS NOT SPECIFICALLY & PROPERLY TRAINED SHOULD NOT 
H?&DLE THIS CHEN/ITS CNTNR. PROD IS FUPNISHED FOR LAB USE ONLY! PRODS MAY 
NOT BE USED AS ORUGS. COSMETIC:. AGRICULTURAL OR ?ESTfCIDAL PRODS, FOOD 
ADDLTIWS OR AS HOUSEHOLD CHEMS. " 
======================11=============================================-------- -e----e- 

Controi Measures 
==================p======================================================== 
Resp-racory Protection: USE NIOSH/MSHA APPROVED RES?IRATOR APPROPRIATE FOR 
EXPOSURE OF CONCERN (F? N) . - 
Ventilation: THIS CHEMICAL SHOULD BE HANOLED ONLY TN A HOOD. * 
Orotecclve Gloves: iMPERVIOUS GLOVES (F? NJ. * 
tye Protection: ANSI APPRVD CHEM WORKERS GOGGLES (FP N). l 

Other Proteccrve Equipment: ANSI APPROVED EYE WASH & DELUGE SHOWER (FP N). 
USE APPROPRIATE OSHAIMSMA APPROVED SAFETY EQUIPMENT. - ,,- 

' Work Hygrenic Practices: NONE SPECIFIED BY MANUFACTURER. * 
Suppl. Safety h Health Data: FIRST AID PROC: HAS STOP?ED ADMIN ARTF RESP. 
IF IN CARDIAC ARREST ADMIN CPR. CONTINUE LIFE SUPPORTING MEASURES UNTIL 
IEDICAL ASSISTANCE HAS ARRIVED. REMOVE & WASH CONTAMINATED CLOTHING. - 
=================='======l===P====================================~============ 

Transportation Data 
=====------------------------------------------------------=====~~========= -_______________________________^_______-------------- 
__-__-_-----___---__--------------------------------------------- -----------------------------------------------------------------~=====---- _--- 

Oisposal Oaca 
z===================-II===o========I=o============================================= 
1===========================5-====3==================================== 

Label Data 
======p=====p=============p1================================================= 
Label Required: YES 
Technical Review Date: U7OEC95 
Label Oate: 09NOV95 
Label Status: B 
Common Name: ISOPROPANOL, o-168 

Chronic Hazard: NO 
Signal Word: OANGER! 
Acute Health Hazard-Moderate: X 
Contact Hazard-Moderate: X 
Fire Hazard-Severe: X 
Reactivity Hazard-Slight: X 
Special Hazard Precautions: FLAMMABLE. ACUTE: CAN CAUSE EYE AND .%IN 
IRRITATION. OUST AND/OR VAPORS CAN CAUSE IRRITATION TO RESPIRATORY TRACT. 
CAN BE IRRITATING TO MUCOUS MEMBRANES. CAN BE HARMFUL IF SWALLOWED. 
NARCOTIC AT WIGX CONCENTIWTIONS. CHRONIC: NONE LISTED BY MANUFACTURER. 
Protect Eye: X 
Procecc Skin: X 
Procecc ReSQLratOq: X 
Label Name: CHEM SERVICE INC 
Label P.O. Box: 3108 
Label City: WEST CHESTER 
Label State: PA es... 
Label zip Code: 19381 
Label Country: US 
Label Emergency Number: 215-692-3026 
=====================-=I====P===7-============================================ 
URL for this msds http://siri.org. If you wish to change, add to, or 
delete Lnfonnacion in this archrve please send Updates to dana+iri.org. 
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ARCHEM -- BH PLUS ALKALINE PH ADJUSTM.Z!T 
MATERIAL SAFETY DATA SHEET 
NSN: 6as000F045s6a 
Manufacturer's CAGE: OHLOS 
Part NO. Indicator: A 
Part Number/Trade Name: PH PLUS ALKALINE PH ADJU~ 
====================E======================================================== 

General Information 
____________________-----------------~-~----------------------------------- ____-____-__________------------------------------------------------------- 
Company's Name: ARCHEM INC 
Company's Street: 115 E ROBINS ST 
Compan:f's P. Q. Box: I.490 
Company's City: CONWAY 
Company's State: AR 
Company's Councrf: US 
Company's Zip Code: 72032-5000 
Company's Emerg Ph f: 501-327-7797 
comQany's Info Ph #: 501-327-7797 
Record No. For Safety Entry: 001 
Tot Safety Entries This Stk#: 001 
Status: SE 
Date MSDS Prepared: 03FEB89 
Safety Data Review Date: LGOEC95 
Preparer's Company: ARCHEM INC 
Preparer's St Or P. 0. BOX: 115 E ROBINS ST 
Preparer's City: CONWAY 
Preparer's State: AR 
Preparer's Zip Code: 72032-5000 
MSOS Serral Number: BYLTF 
====0=============0==9-======-======2==-=================================== 

Ingredrents/Identicy Informatron 
====================f===-==-P=========-==================================== 
Proprietary: NO 
Ingredient: SOIlIUM HYOROXIOE. CAUSTIC SOOA. LYE 
Ingredient Sequence Number: 01 
Percent: 30-50 
NIOSH (RTECSI Number: WB4900000 
CA.9 Number: 1310-73-2 
OSHA PEL: 2 MGlCUM 
ACGIH TLV: 2 MG/CUM CEILING 
Other Recommended Limit: 2MGIM3 CEILING NIOSH 
------------------------------------- 
Proprietary: NO 
Ingredient: POTASSIUM HYOROXXDE 
Lngredienc Sequence Number: 02 
Percent: LO-20 
NIOSH (RTECS) Number: TT2100000 
CAS Number: 1310-58-3 
ACGIH TLV: 2 MG/CIJX (CEILING) 
Other Recommended Limit: 2 MG/CUN (CEILING1 
===1==========r=========================================================~~= 

Physical/Chemical Characteristics 
=I=-=====E========B=I=-9P===1==-==1============================================------- ------- 
Appearance And Odor: VISCOUS. WATER-WHITE LIQUID. CHARACTERISTIC ODOR 
Boiling Point:: tl2F 
Vapor Density (Air=l): %I 
Specific Gravity: L.S 
Evaporation Rate And Ref: (WATER=ll: ~1 
Solubilitf In Water: COMPLETE 
Percent Volatiles By Volume: 50 
QH: 14 

Fire and Explosion Hazard Rata 
----_---------------------------------------------------------------------- --------------------------------------------------------------------------- 
Flash Point: NONE 
Extingurshing Media: WATER. FOAM, COZ. DRY CHEMICAL 
Speczal Fire Fighting Proc: COOL DRUMS W/WATER FOG. EQUIP FIREFIGHTERS 
W/FULL PROTECTIVE GEAR INCLUDING SCBA. 
Unusual Fire And Expl Harrds: NONE 
===============o=====-==-I==============================================-------- -------- 

Reactivity Oaca 
========================Pt-==========f===================================== 
Stability: YES 
Cond To Avoid (Stability) : NONE 
Materzals To Avoid: ACIDS & OTHER CLEANING CHEMICALS. 
Hazardous Oecomp Products: NONE 
Hazardous Poly Occur: NO 
____________--__------------------------------- -----------------------------------------------=--------------------------- -------------------________ 
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Health Hazard Oaca 
----e---d ---------==============O=f=================================~~================= 

*%. Rcuce Of En-_rf - Inhalation: YES 
Rauce Of z-r -_. 2-y - Skin: NO 
Rome Of &=~I-f - Ingescaon: YES 
Heaith l-far Acute And Chronzc: EYES: SEJERE DESTRUCTION Ot TISSUE. POSSIBLY 
RESULTXG i>I BLINDNESS. SXIN: S%VERE IRRITATION. BURNS & ULCEFATIONS. 
INHALATION: SURNS TO RESPIRATORY TFACT. IXGESTION: POISON CAUSES SEVERE 
BURNS c 2ZiTRUCTION OF TISSUE. 
Carcinogenxicy - NT?: NO 
Carclnogenxzty - IARC: NO 
Carcinogenicrty - OSHA: NO 
Explanacclon Carcznogenrcirf: NONE 
Signs/Symptoms Of 0vere.q: IRRITATION. BURNS. 
2qergency/Fi:s c Aid Proc: EYES: FLUSH W/WATER FOR IS XINS./FLUSH W/54 
BORIC Xi0 SOL'UTION. FLUSH UNTIL MEDICAL ATTENTION IS OBTAINED. SICIN: FLUSH 
W/VINEGAR & PLENTY OF WATER. INGESTZOPI: GIVE SEVERAL GLASSES OF WATER, 
FOLLOWED SY CITRUS FRUIT JUICE. NFJER GIVE ANYTHING BY MOUTH TO AN 
UNCONSCIOUS PERSON. OBTAIN UEDICAL ATTENTION IN ALL CASES. 
----________________------------------------------------------------------- ____________________------------------------------------------------------- 

Precautions for Safe Handling and Use 
======================f========-==P==-=================================== 
Steps If Hacl Released/Spill: CONTAIN & NEUTRALIZE. FLUSH AREA W/LARGE 
AMOUNTS OF WATER. 
Neucralirsng Agent: DILUTE ACID SOLUTION 
Waste Disposal Method: OISTOSE OF IAW/LOCAL. STATE & FEDERAL REGULATCONS. 
?recaucians-Handling/Stormg: STORE IN COOL. DRY PLACE AWAY FROM ACIDS. 
DON'T MIX W/OTHER CLEANING CHEHICAL. DON'T ADO WATER TO PRODUCT. A00 
PRODUCT TO WATER, STIRRING SLOWLY. 
Other Precaucrons: RINSE CONT.AINEB THOROUGHLY BEFORE DISCARDING. KEEP 
CONTALXER TIGHTLY CLOSED WHEN NOT IN USE. SEEP OUT OF REACH OF CHILDREN. 
USE W/ADEQUATE VENTIIATION. 
;======P========P~==ppI-==;=p=====Ip=-================================================ 

Control. Measures 
===========================f==--===============================================-- 
Respiratory Protection: USE APPROVED RESPIRATOR TO PREVENT INHALATION OF 
MISTS/VAPORS. 
Vencilatlon: LOCAL EXHAUST: RECOMMENDED. MECHANICAL: RECOMMENDED. 

_ / W_\ Protective Gloves: RUBBER 
Eye Proceccion: CHMICAL GOGGLES/FACE SHIELD 
Ocher Protective Equipment: PROTECTIVE CLOTHING. EXERGENCY SHOWER & EYE 
WASH STATION. 
Work Hygienic Practices: RENOVE/IJ%UNOER CONTAMINATED CLOTHING BEFORE 
RbUSE. 

Transpor:atian Data 

Disposal Data 
:=======================I=====fl=-=============================================== 
================~========1==========3=-==============================------ ------ 

Label Data 
=================5==9==I==p===p==o=p-==============~===========================~====== 

Label Requzred: YES 
Label Status: G 
Camnon Name: PH PLUS ALKALINE TH AIXJUSTMEZNT 
Special Hazard Precaucrons: EYES: SZJER- = DESTRUCTION OF TISSUE. POSSIBLY 
RESULTING iN BLINDNESS. SKIN: SEVERE IRRITATION. BURNS h ULCERATIONS. 
INHALATION: BURNS TO RESPIRATORY TRACT. INGESTION: POISON CAUSES SEVERE 
BURNS b DESTRUCTION OF TISSUE. IRRITATION. BURNS. 
Label Name: ARCHE? INC 
Label Street: 11.5 E ROBINS ST 
Label P.O. Box: 1490 
Label City: CONWAY 
Label State: AR 
Label tip Code: 72032-5000 
Label Country: US 
Label Emergency Number: 501-327-7797 
t===================-==P===P======--=P=========================================== 
URL for th1.s utsds http://siri.org. If you wrsh CO change. add to. or 
delete inronnacion in this archive please send updates co dan@siri.org. 
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3M -- jM BP&ID SANITIZZR CCNCWUTE - ?lULTI-SURFACE SAXTIZZ?. & ~'XANEF. 
MATERIAL SAFETY DATA SliEET 
NSN: 7930014121036 
Manufacturer8s CAGE: QWJ98 
Parr. No. Indicator: A 
Part NurberfTrade Name: 3M BRAND SANITIZER CONCENTRATE 
=========================================================================== 

Generai InformaClon 
===========================-==I================================================ 
Item Name: ??ZJLTI-SURFACE SANITIZER & CLEANER 
Company’ s Name: 3M 
Company's Screec: 313 CENTER 
Company's City: ST. PAUL 
Company's State: .5N 
company's councrj: us 
Company's Zip Code: 55144-1000 
Company. s Esierg Ph #: 612-733-11l.O 
Company's Info Ph W: 612-733-1110 
Record No. For Safety Entw: 001 
Tot Safety Entries This Stk#: 001 
Status: SE 
Date MSDS Prepared: L6NOV94 
Safety Oaca Revzew Date: OLOECYS 
Supply Item Manager: CX 
MSDS Serial Number: BXZXV 
Specificatron Number: NX 
Spec Type. Grade. Class: NX 
Hazard Characcerxcic Code: NK 
Unit Of Issue: JX 
Unit Of Issue Container Qty: 6-2 L BTlEX 
Type Of Concalner: MC 
Net Unit Weight: NX 
NRC/State License Number: Nb 
Net Explosa:~ Weight: NR 
Net Propellant Weight-Ammo: NX 
Coast Guam Ammunition Code: NK 
==p=====o========p===========o=============================================== 

Ingredients/Identi:y Information 
===================================---------------------------------------- ---------------------------------------- 
Propriecai-T: NO 
Ingredient: WATER 
Ingredient Sequence Number: 01 
Percent: z-50 
NIOSH IRTECSI Number: ZC3110000 
ChS Number: 7732-18-j 
OSKA PEL: ::oNE 
ACGIH TLV: NONE 
Other Recownended Limit: NONE RECOMMENDED 
--------------_---__----------------- 
Dropraecary: NO 
Ingredient: OIIIECYLDIMETHYLAMMONIUM CHLORIDE 
L-igredzenc Sequence Number: 02 
Percent: 2.3 
NIOSH (RTECSl Number: BP6560000 
CA.5 Number: 7173-51-s 
OSKA PEL: NONE 
ACGIH TLV: NONE 
Other Recoarmended Gimic: NONE RECOMMENDED 
------------------------------------- 
Proprietary: NO 
Ingredrenc: ALKYLDIMETHYLBENZYL AMMONIUM CHLORIDE. 
Ingredient Sequence Number: 03 
Percent: L.5 
NIOSH (RTECSI Number: ~0315OOOa 
ChS Number: 8001-54-S 
OSHA PEL: NONE 
ACGIH TLV: NONE 
Other Recommended Limit: NONE RECOMMENDED 
_--^------_-------__------------------------------------------------------- _-------------------------------------------------------------------------- 

Physical/Chemical Characteristxs 
============================f=-=================~============================= 
Appearance And Odor: LIQUID. CLEAR. COLORLESS TO LiGHT AMEER COLOR; b111.n 
ODOR 
Boiling Point: CA.212F 
Melting Point: NA 
Vapor Pressure (MM Hg/70 F): NX 
Vapor Oensicy (Air=L): NX 
Specrfic Gravity: CA-L.0 
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ihComQosrr-ran Temperat-xe: NK 
tvaporacron Rate end Ref: CA.L (WATEF.=L) 

, '+. Solubiiicy In Water: COMPLETE 
?ercent VoLatiles By Volume: CA.954 
Jiscosicy: NK 
QH: CA.1 
aadioactlvity: NK 
Form (Radioactive Matl): NK 
MaqnecLsm (Milligauss): NK 
Corrosion Race (IPY): NK 
hucorgnitlon Temperacure: NK 
____________________------------------------------------------------------- ____-_______________------------------------------------------------------- 

Fire and Explosion Hazard Data 
=========================================================================== 
Flash Point: NA 
Lower Explosive Limit: NA 
upper Explosive Lixut: NA 
Extinguishing Media: NON-COMBUSTIBLE. CHOOSE MATERIAL SUITABLE FOR 
SURROUWDING FIRE. 
Special Fire Fighting Proc: NA 
Unusual Fire And Expl Hazrds: NA 
===p=========p============================================================= 

Reacczvicy Data 
. =========================================================================== 

Stability: YES 
Cond To Avoid IStabilit-11: NA 
Materials To Avoid: NA 

_________----------^------------------------- ===P======I=============-I=t======--------------------------------------------- 
Health Hazard Data 

========================-p=-=================================================== 
____________________------------------------------------------------------- ______________________________^_________----------------------------------- 

Precautions for Safe Handling and Use 
t==============PD======fD========P-==f=================================== 
========================f==-I=================================================== 

Control Measures 
====p===================1===3================================================== 
===I===o===p==================-==o===P===================================== 

Transporcatian Data 
.,,^, ==2131==============f-=========f==P=============================~================ 

/ Tram Oaca Review Date: 95335 
COT PSN Code: 222 
iXT Proper Shipping Name: NOT REGULATED BY THIS MODE OF TRANSPORTATION 
COT/Do0 Exemption Number: M 
IMO PSN Code: ZZZ 
IMO Proper Shipping Name: NOT REGULATED FOR THIS XODE OF TRANSPORTATION 
IATA PSN Code: ZZZ 
IATA Proper Shipping Name: NOT REGULATED BY THIS MODE OF T%4NSPORTATTON 
AFI PSN Code: ZZZ 
AFI Prop. Shipping Name: NOT REGULATED BY THIS MODE OF TPANSPORTATION 
MMAC Code: NK 

N.O.S. Shipping Name: NK 
Additional Tram Data: NX 
================================1-5=========================================== 

Disposal Data 
====================f=======-==P================================================= 
____________________------------------------------------------------------- ___-_____________--_------------------------------------------------------- 

Label Data 
===p========================-================================================ 
Label Required: YES 
Label Status: C 
Common Name: 3M BRAND SANITIZER CONCENTRATE 
Label Name: 3M 
Label Street: 3M CENTER 
Label City: ST. PAUL 
Label State: K?i 
Label Zip Code: 55144-1000 
Label Country: US 
Label Emergency Number: 612-733-1110 
============='===P=====f==-l===P========================================~===== 
VRL for this msds httQ:llSiri.Orq. If you wish to change. add to, or 
delete information in this archive please send updates co danQslri.org. 
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X..CONOX - - ALCONOX - 5ETERGENT. GENERAL PURPCSE 
iK TZRIIlL SAFETY DATA SHEET 
NC?'! : 79300~1986050 
Manufacturer's CAGE: 17534 
Pax No. Indicator: A 
Part Number/Trade Name: ALCONOX 
=========================================================================== 

General Informaczon 
=Ip-=l====---------=p======================================================== 
Iron Name: DETERGENT. GENERAL PURPOSE 
C~rigany’ s Name: ALCONOX INC. 
Company’s Street: 215 ?AF.K AVE SOUTH 
Cam~any's City: NEW YORK 
Company's State: NY 
C0mpany.s Country: US 
Company's Zip Code: 10003-L603 
Company's Emerg Ph #: 212-473-1300 
Record No. For Safety Entry: 001 
Tot Safety Entries This StkX: 001 
Status: SN 
Date MSDS Prepared: OlFEB91 
Safety Oaca Review Date: 04DEC91 
Supply Item Hanager: CX 
MSDS Sara1 Number: BLLFP 
Hazard Characcerisc~c Code: Nl 
Unit Of Issue: BX 
Unit Of Issue Container Qty: 4.00 LBS 
Type Of Container: BOX 
Net Unit Weight: 4.00 LB.9 
____________,,_^___,__________-__---------------====================================== ----------------___------------------ 

Ingredients/IdenCrcy Infonna~ion 
===============================p====-I========================================= 
Propriecarj: NO 
Ingredient: THE HANUFACTURER STATES TRAT NO HAZARDOUS INGREDIENTS ARE 
PRESENT IN THIS PRODUCT. 
Ingredient Sequence Number: 01 
Percent: N/A 
NLCSH (RTECS) Number: 999999922 
OSHA PEL: NOT APPLSCABLE 
ACGIH TLV: NOT APPLICABLE 
Other Recommended Limit: NONE SPECIFIED 
============fp==============If=====-='====~===================================== 

Physical/Chemical Characteristics 
=='===============================f============~======================= 
Appearance And Odor: WHITE POWDER INTERSPERSED WITH CREAM COLORED FLAKES, 
OOORLESS. 
Boiling Point: N/A 
Melting Paint: N/A 
Vapor Pressure (MM Hg/70 F): N/A 
Vapor Density lAir=l): N/A 
Specific Gravity: N/A 
Evaporation Rate And Ref: N/X 
Solubility In Water: APPRECIABLE (>LO$) 
Percent Volatiles By Volume: N/A 
pH: N/A 
---------_-------_--------------------------------------------------------- _____________---___-------------------------------------------------------- 

Fire and Explosion Hazard Oaca 
--------_----- --------------=1===0====-0========3==p=========================================== 

Flash Point: NONE 
Lower Explosive Limit: N/A 
Upper Explosive Limit: N/A 
Extinguishing Hedia: WATER. CARBON DIOXIDE. FOAM. SAND/EARTH. 
Special Fire Fighting Proc: FOR FIRES INVOLVING THIS MATERIAL Da NOT ENTER 
WITHOUT PROTECTIVE EQUiPMENT AND SELF-CONTAINED BREATHING APPARATUS. 
Unusual Fire And Ex~l Hatrds: NONE 
===P==========PI====-=9==I-====PI=-Z===E====~====================~========= 

Reaccivicy Oaca 
====p===='=I====o=========I===pI=======I==================~================ 
Stability: YES 
Cond To Avcid (Stability1 : NONE 
Materials To Avoid: STRONG ACIDS. 
Hazardous Decomp Products: MY RELEASE CARBON DIOXIDE GAS ON BURNING. 
Hazardous Poly Occur: NO 
Conditions To Avoid (Poly): NOT APPLICABLE 
==p======p====o======='=p=I===================================================== 

Health Hazard Data 
============I==P=PP;=POP3=======-DP=f===================================~===------ ------ 
LDSO-LCSO Hixture: UNKNOWN 
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Route Of Entry - Inhalation: ‘r':S 
Route Of Entry - Skin: NO 

., "\ Route Of Entry - Ingestron: dS 
Health Haz Acute And Ctronlc: I:XALaATION OF POWDER MAY PROVE LOCALLY 
IRRITATING TO MUCOUS '{EMBPANES. ;:IGEST~~N MAY cw.sE DISCOMFORT. 
Carcinogenicicy - PITY: NO 
Carclnogexucicy - iARC: NO 
Carcinogenrczty - OSHA: NO 
Explanacron Carcinogenicicy: ::?T APPLICABLE 
Signs/S~pcoms Of Overexp: I::GZSTION MAY CAUSE DIARRHEA. 
Med Cond Aggravated By Exp: R33PIRATORY CONDITIONS. 
Emergency/First Aid Proc: EYES: FLUSH WITH ?LZNTY OF WATER FOR 15 MIN. 
SKIN: FLUSH WITH PLE?lTY OF WA'ZR. INGESTION: DRINK LARGE QUANTITIES OF 
WATER. GET MEDICAL ATTENTION 723 OISCOMFORT. 
_________----_______------------------------------------------------------- ____________________------------------------------------------------------- 

precautiocs for Safe Handling and Use 
========5=============11=-===================================================== 
Steps If Mac1 Released/Spill: :'-4TERIAL FOMS PROFUSELY. SHOVEL AND RECOVER 
AS MUCH AS POSSIBLE. RINSE FZXAINDER TO SEWER. AMATERIAL IS COMPLETELY 
BIODEGRADABLE. 
Neutralizing Agent: NONE 
Waste Disposal Method: SMA8.L QUANTITIES MAY BE DISPOSED OF IN SEWER. LARGE 
QUANTITIES SHOULD BE DISPOSED OF ACCORDING TO LOCAL REQUIREMENTS FOR 
NON-HAZARWUS DETERGRITS. 
Precautions-Handling/Storing: STORE IN A OR- v AREA TO PREVENT CAKING. 
Other Precautions: NO SPECIAL XQUIREMENTS OTHER TPM THE GOOD INDUSTRIAL 
HYGIENE AND SAFETY PPACTICES ZIPOLYED WITH ANY INDUSTRIAL CHEMICAL. 
============================I-0=============================================== 

Control Measures 
============p==============o================================================= 
Respiratory Protection: DUST !?A%. 
Ventilation: NORMAL LOCAL EXHAUST. 
Protective Gloves: USEFUL BUT :IOT REQUIRED. 
Eye Proceccron: USEFUL BUT NOT REQUIRED. 
Ocher Protective Eguipment: !:CNE REQUIRED. 
Work Hygienic Practices: NO Si'ECIAL PPACTICES REQUIRED. 
supp1. Safety & Health Data: :3NE 
==p==14=Dp=====o=Dpp=II=ppD===================================================== 

.* --\_ Transportation Data 
====lf========--------=====-I-=====0============================================ 
Trans Data Review Date: 91338 
WT PSN Code: 222 
DOT Proper Shipping Name: NOT REGULATED BY THIS MODE OF TRANSPORTATION 
IMO PSN Code: 222 
IMO Proper Shipping Name: NOT REGULATED FOR THIS MODE OF TRANSPORTATION 
IATA PSN Code: ZZZ 
IATA Proper Shipping Name: NOT RfGULATED BY THIS MODE OF TRANSPORTATION 
RF1 PSN Code: ZZZ 
AFT Prop. Shipping Name: NOT RSGUWTED BY THIS MODE OF TRANSPORTATION 
Additional Trans Oaca: NONE 
===============0=========00=======5============================================ 

Oisposai Oaca 
------------------------------------------================================= ______--__-------------------------------- 
______----_--------_------------------------------------------------------- ___________-_-__-___------------------------------------------------------~ 

Label Oata 
---------------------------------------------- =======================-=z-=I------------------------------------------------- 

Label Requzred: YES 
Technical Review Date: 04DEC95 
Label Date: 04DEC91 
Label Status: F 
Common Name: ALCONOX 
Chronic Hazard: NO 
Signal Word: CAUTION! 
Acute Health Hazard-Slight: X 
Contact Hazard-Slight: X 
Fire Hazard-None: X 
Reactivity Hazard-None: X 
Special Hazard Precautions: INHALATION OF POWDER MAY PROVE LOCALLY 
IRRITATING TO MUCOUS MEMBRANES. INGESTION MAY CAUSE DISCOMFORT. STORE IN A 
DRY AREA TO PREVENT CAXING. FIRST AID: EYES: FLUSH WITH PLENTY OF WATER FOR 
15 MIN. SXIN: FLUSH WITH PLENTY OF WATER. INGESTION: DRINK LARGE QUANTITIES 
OF WATER. GET MEDICAL ATTENTIO:I FOR DISCOMFORT. 
Protect Eye: Y ;, i 1 Protect Respiratory: Y 
Label Name: ALCONOX INC. 
Label Street: 215 PARK AVE SCUTH 
Label City: NEW YORK 
Label State: NY 
Label Zip Code: 10003-1603 
Label Counery: US 
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label Emergency Munber: 212-472-1700 
_----- ------____--- ----- --=---..- __________----------____^__________ -------------___-_-------- -----====-------------^----------------------- 

XL Ear r,hrs msds http://siri.~rr:. Zf you wisti ts change, add co, or 
deleca lnfomac;an in &is arc;;'r: please send updates to dan@srri.org. 
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